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a second look 

by Jim Fisk 


Are you thinking about buying one of those new solid-state, phased-locked rigs with digital read¬ 
out? If you are, be sure you buy a rig with a good solid factory-backed warranty! As some buyers 
have sadly discovered, there are some Amateur Radio equipment manufacturers who require their 
dealers to provide the warranty as part of their "dealer agreement," and in some cases the manufac¬ 
turer or supplier does not reimburse the dealer for his warranty work. Under such arrangements it 
doesn't take much imagination to understand why the dealers aren't particularly enthusiastic about 
fixing faulty equipment. The dealer is further hampered by the unavailability of up-to-date sen/ice in¬ 
formation — his technicians often have little more available to them than whatever information is 
packed with the equipment. 

I won't dispute the fact that if you had a problem with your equipment you would be able to get it 
repaired. You probably could; but it might be a long drawn out affair, depending on the dealer you're 
working with and how much interest he has in doing the factory's warranty repair work with no reim¬ 
bursement for his parts. 

In this day and age of sophisticated equipment the dealers and repair technicians must stock 
many, many different components for each item they are called on to service. If the dealer is not 
reimbursed for his time and labor, it's obviously not in his best interest to tie up vast amounts of cash 
in spare parts — he simply orders the repair parts as he needs them, and you have to wait weeks — 
perhaps months — before you can get your transceiver back on the air. 

Under such circumstances shipping your rig back to the factory for repair may be the best move 
you can make. They have all the parts and expertise to do it right, and in many cases they can give 
you better "turn around" than your local dealer. This is not a criticism of your dealer's repair facili¬ 
ties; his technicians must be familiar with many different types of equipment, whereas the factory 
technicians are able to specialize and hence can often do the job faster. 

As a final note, any equipment manufacturer who does not offer factory repair facilities is suspect 
— they are simply passing the buck down the line to the dealer. And you know who suffers in the 
long run! 

Most of the Amateur Radio manufacturers, fortunately, offer full factory-backed warranties, but 
those who do not should be avoided like the plague. Keep that in mind before you plunk down your 
hard-earned dollars for a new rig. 

Jim Fisk, W1HR 
editor-in-chief 
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comments 


W7BBX memory keyer 

Dear HR: 

I have used the W7BBX memory 
keyer* with great success. Compared 
with the WB4VVF memory keyer 
(built by SP5JC) and other designs 
described in the European ham maga¬ 
zines, the W7BBX circuit is definitely 
the best. I would like to tell your 
readers of a small addition to the 
existing circuit which is especially 
valuable in meteor-scatter (MS) com¬ 
munications. 

One inconvenience in the unmodi¬ 
fied keyer is the necessity to com¬ 
pletely fill the memory, because any 
empty memory space will show up as 
breaks in transmissions with repeated 
messages; such transmissions are 
used a great deal in MS operations. I 
used to try to completely fill the mem¬ 
ory, but with some callsigns and re¬ 
ports used in MS it was not always 
possible. Then you would either lose 
valuable time by sending nothing, or 
push the REPEAT button every few 
seconds, depending on the speed. 
The last method leaves no time for 
other aspects of MS work, such as 
listening through the recorded tapes 
at reduced speed while your keyer 
does the transmission sequence. I 
decided to add a circuit which senses 
the end of a message stored in the 
keyer memory and automatically RE¬ 
PEATS the message. The circuit is 
very simple and can be built on a 
small add-on PC board and wired into 

•Howard Batie, W7BBX, "Programmable Contest 
Keyer,'' ham radio, April, 1976, page 10. 


the existing boards either above or 
between them. One additional switch 
on the front panel is necessary for 
switching the circuit in or out of oper¬ 
ation, as shown below. 
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I also added a switch with a bank of 
multiturn precision adjustable poten¬ 
tiometers, each for a preset high¬ 
speed value. Using the original 
2.2-pFd tantalum capacitor for C4 
and 180 ohms for R6, I can use any 
speed up to 1000 letters per minute 
(LPM) simply by choosing the posi¬ 
tion of the speed switch, which re¬ 
places the original speed pot. One 
speed switch position switches in a 
multiturn pot with dial for "normal" 
variable-speed operation at conven¬ 
tional speeds. There are no keyer 
problems with transmission speeds 
up to 1000 LPM (higher speeds were 
not tried), but the time constants in 
the transmitter keying circuit should 
be carefully checked to ensure proper 
operation on the air. I'm using 5k and 
20k pots for the preset speed trim¬ 
mers; in Europe we use speeds 
around 500-700 LPM for MS, depend¬ 
ing on the available speed reduction 
in the recorders at the other receiving 
end. 

Another valuable feature of the 
W7BBX keyer is the remote start fa¬ 


cility; I'm now using a pulse from the 
station electronic clock, which gives 
a pulse every 15 seconds, 30 sec¬ 
onds, 1 minute, or 5 minutes (the lat¬ 
ter is still the most common trans¬ 
mit/receive sequence in European 
MS operation to handle the time¬ 
keeping). I now have plenty of time 
during a MS QSO, whereas before I 
had to be constantly on the alert, 
checking tapes, and looking at the 
clock. 

Wes Wysocki, SP2DX 
Gdansk, Poland 

low-power wattmeter 

Dear HR: 

I recently built my own version of 
the low-power wattmeter described 
by WA4ZRP in the December, 1977, 
issue of ham radio. The electronics 
perform very well — I eliminated the 
need for carefully measuring the cali¬ 
bration resistors to 0.001 ohm by 
using 500-ohm trimpots with parallel 
and/or series resistors to make up the 
required ranges. 

The key to the design, however, is 
the subminiature lamps. I was unable 
to find the correct voltage and cur¬ 
rent ranges for the stated generic 
types T 3/4 and CM units listed by 
the author. For those who have built 
similar units and have had difficulty 
finding the barreter lamps, the Syl- 
vania 28ES will do (rated at least 28 
volts and 40 mA with a resistance of 
80 ohms); however, these lamps are 
somewhat large, as they're rated at 
1.2 watt. 

It may be possible to locate some 
of the subminiature 3-volt, 30-mA 
lamps, but you must first know the 
rated value of dc resistance (it is not 
voltage divided by current). I have 
sought this information from Chicago 
Miniature Inc. (who make the CM 
units mentioned in the article), but 
have had no response to date. 

Gene Shapiro, W0DLQ 
Leawood, Kansas 
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10 years and the FCC could use licensed Amateurs to administer license examinations and 
grant temporary licenses." The FCC would also have "the authority to require protective 
circuitry in consumer electronic equipment." Also covered in the draft is the subject 
of license fees. 
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video console for ATV 


A project for 
Amateurs interested 
in improving 
their fast-scan 
television stations — 
three video generators, 
a special-effects generator, 
and a simplified form of 
Gen-Lock are described 


The video console project began after I'd complet¬ 
ed a solid-state ATV transmitter. I had no way of 
knowing how it was performing except by having 
other ATVers try to "talk me in" on alignment. I soon 
learned this was almost impossible. 

I discussed my problem with Bill Parker, W8DMR, 
another ATV ham, and he suggested that I needed a 
few test generators. So I consulted A5 magazine and 
found articles on two generators. 12 After running 
some tests and reading a book by Tektronix, 3 1 found 
a need for one more generator so that I could check 
99 per cent of my new transmitter. I then designed a 
pulse and bar generator. After this I thought, "Boy, 
wouldn't it be nice to have some special effects, such 
as a video switcher." After a short time I had it 
operational. 


the video console 

The video console consists of three function gen¬ 
erators, a video switcher, and a Glen-Lock circuit. All 
can be locked to either external or internal sync or to 
a composite video signal. Everything is contained on 
five PC boardsand powered by a single 12-volt supply. 

The function generators are multiburst, gray scale, 
and pulse and bar. The multiburst generator creates 
a frequency-burst pattern on the TV screen of white 
to the extreme left followed by a low-frequency sig¬ 
nal of 0.5 MHz, then 1.7 MHz and 3.4 MHz signal. 
The extreme right of the TV screen shows a 4.5-MHz 
burst frequency (see photo D). 

The multiburst generator can be used to check 
bandwidth of video equipment such as amplifiers, TV 
transmitters and tape recorders. It can also be used 
with oscilloscopes. Just insert the multiburst genera¬ 
tor output into the input of the equipment under test 
and look at the results on the TV screen or on an 
oscilloscope (see photo E). Photo F shows high-fre¬ 
quency rolloff, and photo G shows the middle fre¬ 
quencies with too much gain. These test patterns 
depict only a few of the results, but photo E is the 
best example. 

The second generator is a gray-scale (staircase) 
generator. It produces a pattern on the TV screen, as 
seen in photo H from left to right, in seven shades of 
gray. The staircase generator is used to check your 
video-system linearity. It shows if the white or black 
video is being compressed (see examples in photos I 
and J). If you insert the gray-scale generator into a 
video modulator or other video input, you should see 
a gray scale as in photo H. If you look at the gray¬ 
scale generator output on the oscilloscope, you'll see 
a staircase pattern as in photo K. 

The third generator is called a "pulse and bar." It 
produces a white pulse on the left-half, and a white 
box in the right-half, of the TV screen. Its function is 
to check for high- and low-frequency bandpass char¬ 
acteristics. The pulse and bar generator output as 
seen on the TV screen is shown in photo L. On an 


By Charles A. Beerier, WB8LGA, 2548 SR 61, 
Marengo, Ohio 43334 
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Photos A and B: Special affects that can be generated by the video console. Photos by WB8HXR. 



Photos C and D: Inside view of the video console, left. At right, multiburst generator output as seen on TV screen. 


oscilloscope, you see a wave form as shown in 
photos M and N. 

circuit description 

The following is a description of the five circuits 
that compose the video console. They consist of the 
multiburst generator (A1 board), gray-scale genera¬ 
tor (A2 board), pulse and bar generator (A3 board), 
video switcher (A4 board), and Gen-Lock (A5 
board). 

Multiburst generator (A1 board). This circuit is 
shown in fig. 1. Referring to fig. 1, U9 is a free- 
running oscillator whose frequency is 3.402 MHz. U9 
drives U1 and U2, a divide-by-three counter with an 
output frequency of 1.134 MHz. U2A drives U2B, a 
divide-by-two counter whose output is 0.567 MHz. 
U2B output drives a divide-by-six counter, U3A, 
U3B, and U4, whose output frequency is 94.5 kHz. 
This signal drives a six-stage shift register that shifts 
the gating from left to right on the screen. The five H 


signals (fig. 1) drive the five NAND gates, U8A, B, 
C, D, and U9C. One section of U1A is fed to U1B, a 
divide-by-two counter with an output of 1.7 MHz. 
The same signal is fed to U8D. The output of U2A, 
1.134 MHz, feeds U9A, which drives U9C. All U8and 
U9C outputs are NANDed into U12. They are con¬ 
trolled by HI, H2, H3, H4 and H5, and are turned on, 
one at a time, by the 6-stage shift register. The sum 
results in an output from U12 of the first high signal 
followed by a 0.567-MHz signal, 1.7 MHz-signal, 3.4- 
MHz signal, then a 4.5-MHz signa. This occurs in 
54^is. This time, plus that of the horizontal sync 
pulse, is equal to 63.5 /ts, which is the time required 
for one horizontal sync line on the TV screen. 

The sequence repeats until a vertical sync pulse 
appears on U10, pin 1. U10 is a one-shot. U10 pro¬ 
vides a 1-ms pulse, which resets the 6-stage shift reg- 
is Tr at U5A, pin 4. U10 Q output (pin 1) is used for 
vortical blanking. The output of U7B, pin 6, is a hori¬ 
zontal timing pulse. It is NANDed at U10 pin 1 and is 
the vertical timing pulse for the composite sync. The 
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Photos K and L: Gray-scale generator output shown on oscilloscope, left. At right, pulse and bar generator output as seen on the 
TV screen. 


composite video outputs appear at R15. 

Gray-scale generator (A2 board). The main oscil¬ 
lator is U1 (fig. 2). Its frequency, 126 kHz, is deter¬ 
mined by Cl, R1. U1 output is fed to U2, a divide-by- 
eight counter. Counter output is NANDed at U1A, 
which drives U1B. This stabilizes the oscillator by the 
horizontal sync pulses on U2 pins 2 and 3. (U2 is a 
decade counter.) Each time the horizontal sync 
appears on U2 pins 2 and 3, the counter is reset to all 
zeroes. The three outputs from 112 also drive two hex 
inverters, whose output provides a staircase at the 
output. (See photo K.) 

From pin 8 U2 drives U4, pins 3 and 4. U4 is a delay 
trigger, which drives U5. U5 provides an output 11 -fis 
wide of horizontal sync. The sync and video are 
mixed by R9 and by RIO, which is the video-output 
pot. The A2 board also contains the oscillators for 
the horizontal and vertical sync. These are common 
NE-555 timers, U6, and U7. 

Pulse and bar generator (A3 board). The genera¬ 
tor works on the principle of the one-shot delay, 
using 74121s. The horizontal sync feeds U3, U4, U5 
(fig. 2). The time delay is from the horizontal sync 


pulse. The amount of delay is determined by the one- 
shot RC time constant. U3 provides the start of the 
bar; U4 provides the stop of the bar. U5 positions the 
pulse on the screen. U3 and U4 outputs drive U1A 
and U1B, a set and reset latch. This latch output is 
equal to the bar width. 

The vertical sync triggers U6 and U7. U6 and U7 
drive a set and reset latch U1C and U1D. U6 delay 
determines where the top of the pulse and bar signals 
start. The bottom of the pulse and bar signal is deter¬ 
mined by U7. The output of U1D, pin 11, are 
NANDed together through U2A and U2C. The pulse 
and bar signals are mixed in Ft 17. Output is obtained 
through R19. The horizontal sync signal is 4 /is wide 
and is resistor mixed to make the horizontal sync 
tips. The same input drives U8, a 11-^s-wide pulse 
for the horizontal sync front and back porch. It is also 
resistor mixed through R20. 

Video switcher (A4 board). The switcher (fig. 3) 
works almost on the same principle as the pulse and 
bar generator. U1, U2, U3, and U4 perform the same 
job as U3, U4, U1, U6, and U7 in the pulse and bar 
generator. The outputs of U5, pins 6 and 11, are 
NANDed in U6A. U6A output drives U7B and U6B. 
U6B is an inverter that drives U7A. In other words, 
















fig. 1. Multiburst generator schematic (A1 board). 


only one section of U7 is on at any one time. Win- tween pins 3 and 4. (This CMOS 1C is a CD 4016, but 

dow-positioning pots R1-R4 control the vertical and a CD 4066 can be used.) Switcher U7 outputs are 

horizontal start and stopping position of the switched tied together and run into a 74C04 inverter used in 

video. linear mode. The output of U7 is positive video to be 

The video switcher, U7, is a CMOS 1C. A low on amplified, so it was necessary to run it through two 

pin 5 turns off the switcher between pins 3 and 4. If inverters. The output of a CMOS 1C doesn't like a 

you put a high signal on pin 5 the switch turns on. 100-ohm load, so it's buffered with an emitter fol- 

Now it acts as if a 300-ohm resistor were placed be- lower, Q1. 
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The vertical sync blanker and dc restorer circuit are 
on the video switcher board. U7C is a switch con¬ 
trolled by the vertical sync pulse. Any video coming 
in at A4 pin 11 will be blanked during the vertical sync 
interval. After this, the video is reamplified through 
U8 and is applied to emitter follower Q2. At the base 
of 02, the vertical sync pulse is reinserted to take the 


vertical base line down to the correct reference. The 
character generator video input is inserted at U8 pin 
11, through R31. 

Gen-Lock (A5 board). The video input enters on A5 
pin 1 (see fig. 4). It drives Q1, a sync stripper. Q1 
removes all the video, and only composite horizontal 
and vertical sync signals remain at the Q1 collector. 
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The sync signals are run through RC filter R4, C3, 
C4, R5. The vertical sync drives Q2, an amplifier, 
whose output is applied to the sync selector on the 
front panel. 

The horizontal sync is applied to U1, a phase- 
locked loop. The 1C is a PLL567, which is tuned for 
15,750kHz.ThisICisatone decoder. When it'slocked 
onto an incoming signal, it has a dc output at pin 8. 
There's also a signal at U1 pin 5. This signal has the 
same frequency as the incoming signal during lock. 
U1 pin 5 output is then used as the horizontal sync in 
the generator and goes to the sync selector switch. 

The sync-selector switch output is fed to amplifier 
03 for vertical; Q5 for horizontal. U2 is a Schmitt trig¬ 
ger for fast trigger timing. Q4 is a buffer for the verti¬ 
cal sync. Q4 output drives all the vertical and/or hori¬ 
zontal inputs of boards A1-A5. 



interconnections 

Fig. 5, the main board, shows how to tie it all 
together. A shows sync-selector switch connec¬ 
tions. B shows how to interconnect the rotary func¬ 
tion-generator switches to the five PC boards. C 
shows the interface between the window-position 
controls and video switcher/Gen-Lock boards. 

adjustments 

Multiburst generator (A1 board). 

1. Adjust Cl for an output frequency of 3.402 MHz at 
U9 pin 6 or for horizontal locked sync on TV when 
video is fed into the TV. 

2. Adjust Cl 1 foran output of 4.5 MHz on U9 pin 3. 

3. Adjust R15 for video gain. It should be 1-volt p-p at 
A1, pin 14. 

Gray-scale generator (A2 board). 

1. Adjust R1 for 126 kHz at test point 1, or for seven 
shades of gray on the TV screen. 

2. Adjust RIO video gain for 1 volt p-p video at test 
point 2. 

3. Adjust R11 for 15,750 kHz at U6 pin 3. 

4. Adjust R13for 60 Hz at U7 pin 3. 

5. Adjust R3 for approximately 75 ohms. 

6. Adjust R4 for approximately 250 ohms. 

7. Adjust R5 for approximately 600 ohms. 

8. Adjust R3 = R5 for the best lineaVity of output 
video. 

Pulse and bar generator (A3 board). 

1. Adjust R1 for vertical position of left side of bar on 
TV screen. 

2. Adjust R2 for vertical position of right side of bar 
on TV screen. 

3. Adjust R3 for vertical position of pulse (see photo L). 

4. Adjust R5 for horizontal position of top part of 
pulse and bar. 

5. Adjust R6 for horizontal position of top part of 
pulse and bar. 

Video switcher (A4 board). 

1. Adjust R23 for 1.5 volts p-p video at output of test 
point 6 when you have 1 volt at input. 

2. Adjust R17 for 1 volt at test point 3. R1-R4 are 
front-panel controls but could be preset pots on 
board. 
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Gen-Lock (A5 board). 

1. Adjust R3 for clipping of video at test point 1. 

2. Adjust R7 for 15,750 kHz at test point 4 with no 
video input at A5 pin 1. 

This video console was constructed on five PC 
boards, one for each generator. It was done this way 
for ease of construction and system checkout. You 
can use any one of the generators or switches by 
itself. Just insert the vertical and horizontal sync sig¬ 
nals and the +5 volts to the board you want to use. 
I've had very good results with this console and a lot 
of fun in its construction and use. 
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1. W. E. Parker, W8DMR, "A Multiburst Generator," AS magarine, 
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i Yagi antenna design: 

performance 
calculations 


Development of a 
mathematical model 
of the Yagi antenna 
for computing antenna gain, 
front-to-back ratio, 
and operational bandwidth 

Since its invention by H. Yagi and S. Uda of 
Tohoku University in 1926, 1 the Yagi-Uda antenna — 
commonly referred to as the Yagi — has received a 
great deal of theoretical and experimental attention. 
The Yagi has also become the most widely used 
Amateur Radio communications antenna, not only 
because of its excellent performance characteristics 
over the rather narrow frequency bands occupied by 
Amateurs, but also because of its remarkable toler¬ 
ance to construction variations and even construc¬ 
tion faults; it is an antenna that "wants to work." 

Those readers who are interested in the theoretical 
basis of Yagi linear array antennas should take a look 
at the excellent book published in 1954 by S. Uda 
and Y. Mushiake; 2 this book is highly recommended 
and contains sixty-six relevant references. There are 
several other excellent reference works on the Yagi 
including those by Kraus,3 King,4 and Walkinshaw; 9 
for those interested in the experimental side of Yagi 
arrays, attention is drawn to Ehrenspeck and 
Poehler, 6 Lindsay, 7 Greenblum, 9 and Viezbicke. 9 
Reference 9, National Bureau of Standards Technical 
Note 688, describes the results of a decade-long NBS 
experimental investigation of Yagi antennas. 
Although this study represents one of the most com¬ 
plete and relevant sources of information on the 
Yagi, the report is flawed by inconsistencies, incom¬ 


plete experimental information, and above all, meas¬ 
urement techniques which are sensitive to the effec¬ 
tive height of ground midway between the transmitter 
and receiver. Nevertheless, the rich range of experi¬ 
mental results in NBS Technical Note 688 provide an 
excellent area to test the validity of theoretical ideas. 

It appears to me that designers of a high-perform¬ 
ance Yagi array are faced with four facts: 

1. Accurate antenna experiments are very difficult to 
make, especially if the antennas are designed to be 
used over earth. There are many variables, and it is 
difficult (if not impossible) to avoid unwanted reflec¬ 
tions. Also, accurate instrumentation is simply not 
available for many of the quantities to be measured 
(current distribution in the parasitic elements, for 
example). 

2. Conceptual design ideas are often misleading: 
e.g., the concept of "optimum element spacing." 
Optimum, indeed, but with respect to what? 

3. Practical design of real antenna components in 
some cases does not exist; a physically "tapered" 
element, for example, must be significantly longer 
than an equivalent cylindrical element, but by how 
much? 

4. A good theoretical basis for design is uncertain. 
First of all, a real antenna must be simulated by a 
simplified physical model; the accuracy of the final 
result depends crucially on the excellence of this 
physical simulation or model. Secondly, the physical 
model, in conjunction with accepted physical laws 
and a modern computer, is used to compute the 
electrical performance of the Yagi model, i.e., the 
parasitic element (parasite) currents first, and the 
spatial radiation pattern second. Since both compu¬ 
tations involve simplifying approximations, overall 
accuracy depends directly on the excellence of physi¬ 
cal modeling and the accuracy of the necessary 
mathematical approximations which are made. 

I shall attempt to address each of these four items 
over the next several months. I have broken the sub¬ 
ject down into six major categories, listed below, 
which will be covered in separate articles. 

By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 
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1. Modeling and computational methodology 

2. Simple Yagis; free-space performance 

3. Earth (ground) effects 

4. Preferred designs 

5. Scaling and construction corrections; specific 
designs 

6. Stacking, screening, and scattering 

I shall address the subject primarily in terms of 
antenna arrays which are most useful in the frequen¬ 
cy range from 5 to 30 MHz, including designs ranging 
in size up to the largest practical levels. "Convention¬ 
al" Yagi components will generally be used, but 
there will be some discussion of quads and of the 
quad-Yagi hybrid known as the quagi. For conven¬ 
ience, I will use horizontal polarization unless other¬ 
wise stated. 

antenna properties 

Before beginning an investigation of antenna char¬ 
acteristics it is necessary to define design criteria; 
what antenna properties are important and how can 
those properties be defined in quantitative terms? 
The antenna user, is concerned with several prop¬ 
erties: 

1. Antenna gain G or directivity 

2. Pattern (including front-to-back ratio, F/B) 

3. Bandwidth 

4. Feedline matching or standing-wave ratio 

5. Cost 

6. Longevity (wind survival, corrosion resistance, 
etc.) 

Of these, the first four are electrical properties; the 
last two depend basically on construction engineer¬ 
ing and will not be discussed further. Feed-line 
match (item 4) is controlled, at one frequency at 
least, by the matching system which transforms the 
antenna driving-point impedance to the transmission 
line's characteristic impedance. We are interested in 
the inherent driving point bandwidth of the antenna, 
specifically the actual driving-point impedance and 
its behavior with frequency. 

Antenna gain, pattern, and bandwidth (items 1, 2, 
and 3) must be defined rather carefully. The gain 
(and directivity) is clearly of paramount importance; I 
shall use the definition of isotropic gain for all situa¬ 
tions, /. e ., the ratio of maximum radiated energy flux 
density (at the "best" elevation angle) to the average 
radiated energy flux density (averaged over the 4ir 
solid angle). This is equivalent to using an isotropic 
reference antenna in free space. 


While the antenna's complete spatial pattern is of 
concern to the user, it is basically not practical to 
measure it or to specify it. The pattern characteristics 
of primary interest are the angular widths (horizontal 
and vertical) of the main beam and the amount of 
back radiation. The beam widths are rather accurate¬ 
ly and simply determined by the antenna gain or 
directivity (see Kraus, page 25 s ). 

Radiation in the rear hemisphere is usually variable 
and consists of one or more lobes. Perhaps the single 
most meaningful measure of rear radiation is the 
front-to-back ratio, or F/B, but we must define 
where the front wave is to be measured (elevation 
angle), where the back wave is measured, and what 
property of the waves is used to obtain the ratio. One 
popular concept is to plot the field strength, E, pat¬ 
tern of the antenna in free space and compute the 
ratio of front (maximum) field strength, E F , to that 
found in the reverse (back) direction, E R . The ratio 
can be also expressed in decibels as (20 log t0 E F /E R ). 

What is the front-to-back ratio of a real antenna 
over earth or ground? I define this quantity as the 
ratio of maximum front power or energy flux density, 
W F , (at an elevation angle where this maximum 
occurs) to the rear power or energy flux density, W R , 
at the same rear elevation angle. This can also be 
expressed in decibels as 10 log ]0 W F /W R . 

Note that this F/B ratio is only one parameter of 
the complete antenna pattern. It is perfectly possible, 
in principle, to have an antenna with a large F/B ratio 
defined in this way, but which has serious backward 
(but not directly back) lobes. Nevertheless, in the 
interest of simplicity I shall retain this simple notion 
of F/B ratio; it is perhaps the most important single 
index of pattern behavior. 

The last parameter is the frequency bandwidth, 
but there are at least three important bandwidths: 1) 
the bandwidth of the driving-point impedance (elec¬ 
trical input), for example; 2) the bandwidth over 
which the gain remains high; and 3) the bandwidth 
over which the F/B ratio remains high. All three are 
important, so it's necessary to measure or calculate 
all three. This is best done by observing a quantita¬ 
tive frequency-swept plot of them all. 

computation vs experiment 

Antenna characteristics can be determined either 
by experimental measurements on a physical model 
or by calculations from a mathematical representa¬ 
tion of the physical model. Which should be used? 
Experimental measurements are laborious and it is 
difficult to ensure accuracy. By contrast, computer 
calculations are fast and, in principle, can be made 
with great accurafcy. Using a modern computer, a 
large number of antenna configurations can be inves¬ 
tigated in a few days; a number it would take a life- 
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time to explore experimentally! Moreover, because 
of the inherent accuracy of calculations, subtle 
changes and radiative coupling effects can be 
explored. Therefore, it appears that if a computation¬ 
al procedure is believable, it can be used very effec¬ 
tively. Careful experimental tests are needed, how¬ 
ever, to validate the computation methods. 

modeling 

A real Yagi antenna can be represented physically 
by a set of parallel cylindrical conducting elements, 
each of which has space coordinates at its center of 
X, Y, and Z. As shown in fig. 1, the Yagi will be 
ogented so that the elements lie parallel to the Z axis 
and the boom is parallel to the X axis. In free space, 
the origin of this coordinate system can be placed 
anywhere, but when modeling a Yagi over the earth 
it will be advantageous to locate the origin on the 
conducting earth plane. 

The elements themselves approximate a half-wave 
in length; the reflector, R, is usually somewhat 
longer than a half-wavelength, the drive element, 
DR, is normally about a half-wavelength, and the 
directors, D1 and D2 (or more), are somewhat 
shorter than a half-wavelength. For convenience, 
and to make the representation independent of 
wavelength, all coordinates, lengths, and dimensions 
will be expressed in wavelengths at some chosen 
design center frequency,/,,. 

This model is clearly a simplification of a real Yagi. 
A real Yagi, for example, does not ordinarily have 
strictly cylindrical elements; real elements usually 
have telescoping diameters with connecting hard¬ 
ware clamps; moreover, the elements are mounted 
at their centers with plates or brackets to the boom, 
which is usually a conductor. 

In this mathematical model I have totally neglected 



boom is parallel to the X axis. 


the conducting boom; this is justified only if the real 
Yagi is completely symmetric around the boom. 
Symmetry guarantees the electrical potential of each 
parasitic element at its center to be zero and guaran¬ 
tees no mutual coupling to the boom — hence no 
current will flow along the boom, and the boom can 
be neglected. 

We also assume the driven element to be open at 
its center and driven from a balanced source; this 
eliminates current along the boom. The real Yagi 
driven element, if fed from a balanced source, will 
also induce no boom current. However, unbalanced 
feed systems can, in principle, produce currents 
along the boom which are not considered in the 
model. Unbalanced feed systems such as the gamma 
match are usually not especially troublesome in this 
respect, because if the driving point impedance of 
the element is relatively low, as it usually is, the volt¬ 
age impressed on the boom is also low and boom 
current will be correspondingly low. Moreover, the 
loaded Q of the driven element is usually high 
enough to insure reasonable symmetry of element 
currents; this also makes for low induced boom cur¬ 
rents. Incidentally, it is possible to construct the real 
Yagi with insulating element-to-boom supports; this 
helps to ensure negligible boom currents. 

The clamping and mounting hardware used in a 
practical Yagi all amount to corrections in the actual 
length of the element to an equivalent length. Simi¬ 
larly, the telescoping (radius tapering) element will 
act like a cylindrical element of the same average 
radius, but with a different equivalent length! The 
way in which the actual element dimensions can be 
converted to a cylindrical element of the same aver¬ 
age radius and equivalent length will be discussed 
later, as will corrections to length caused by mount¬ 
ing hardware. For the moment, note that the real 
Yagi element dimensions can be converted to equi¬ 
valent cylinder dimensions for use in the model. As a 
side note, the element radius taper corrections to 
convert actual lengths to equivalent cylinder lengths 
are substantial; this is often overlooked by builders 
who try to use someone else's element lengths with 
different element diameters on tapering. 

In the mathematical model you can arrange any 
number of parasitic elements and any number of 
drivers. It will be shown later how to use the model to 
approximate a quad or a quagi, or even a "broad¬ 
band" drive (as in the KLM antennas) where there is a 
main driver but one or more dependent drivers which 
are connected through a transmission line to the 
main driver. 

computational methodology 

With this mathematical model we are in a position 
to compute the performance of the Yagi array — to 
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table 1. Element reactance for different length-to-diameter 
ratios. K. X 0 50 is the reactance of an element 0. 5X long; X g <5 
denotes the reactance of an element 0.-X5X long; AX is the 
reactance change when shortening the element from 0.5 to 
0.45 wavelength. As shown in fig. 2, a plot of AX vs K falls 
on a straight line defined closely by eq. 1. 


K 

10 

30 

50 

100 

200 

103 

10" 

105 

106 


*0.50 *0.45 

34.1799 21.6094 

36.7352 4.6906 

37.4666 - 3.8791 

38.2110 -15.8869 

38.7673 - 28.1857 

39.6375 - 57.3954 

40.3603 -99.9997 

40.7961 -143.0558 

41.0873 -186.3402 


AX 

- 12.5705 
-31.0446 


-66.9530 
-97.0329 
-140.3600 
-183.8519 
-227.4275 


-11.030 

-31.561 

-41.107 

-54.060 

-67.013 

-97.090 

-140.120 

-183.150 

-226.180 


find out how the performance of the array varies with 
frequency/around the design f a . The first task is to 
compute the complex currents (or current magni¬ 
tudes and phases) which flow in all elements as a 
result of driver excitation; to do this, it is necessary to 
determine both the self and mutual impedances of all 
elements. 

I shall start with the behavior of a single nearly 
half-wavelength element in free space. The self im¬ 
pedance of such an element has been calculated by 
many authors; an excellent comparison of the vari¬ 
ous methods is given by Kraus 3 (pages 272-276). Uda 
and Mushiake have used the method originated by 
Hallen (boundary-value problem) and presented an 
approximate equation and a table (pages 23-24) 
which show the self impedance of a cylindrical nearly 
half-wavelength doublet as functions of radius and 
length. It is apparent from this table that a half-wave¬ 
length doublet has an impedance of about 73 + j40 
ohms, so a somewhat shortened antenna is needed 
to resonate (to show zero reactance). The required 



fig. 2. Graph showing the relationship between the length- 
to-diameter ratio, K, of a half-wavelength element and the 
reactance change, AX, as element length is reduced to 0.45X 
from 0.5X. 


shortening is basically only a function of K, which is 
defined as the ratio of (central) wavelength to ele¬ 
ment radius. In table 1, I have extended Uda and 
Mushiake's data to a wider range of K values and 
have calculated the reactance X 0 so (in ohms) of the 
full half-wave dipole and X 0 .45 of an element 0.45 
wavelength long; AX is the reactance change in 
ohms when shortening the element from 0.5 to 0.45 
wavelength. 

If you plot AX against logio K, you will find, 
remarkably, that the points fall in a straight line (fig. 
2). This suggests that the reactance change AX can 
be expressed with rather good accuracy as: 

AX = -43.03 logio K+32 (D 

The accuracy of this empirical relationship is remark¬ 
able over the range of K of real interest 
[100<K< 10,000). 

Note that a simple series-resonant circuit displays 
an input reactance of: 

X = 2RQ_(F/FR- 1) (2) 

where Q is the electrical Q.factor (Q. = 2irf 0 L/R) 

F is the frequency relative to f 0 

FR is the resonant frequency of the circuit 
relative to f„ 

R is the series resistance 
Equations 1 and 2 can be used to derive: 

RQ_ - (215.15 logio K-160) (3) 

In other words, the dipole element behaves electri¬ 
cally like a series-resonant circuit of resistance R and 
Q given by the empirical relationship of eq. 3. 

You may also use eq. 1 to derive the resonant 
length (zero reactance), LER, of the dipole element 
in units of wavelength: 

LER = [1- (10.7575logioK- 8.00)~ i\ (4) 

It is interesting to note that the ratio of the reso¬ 
nant length to a true half-wavelength depends only 
on X! Some representative values computed from 
eq. 4 are shown in table 2 and graphically illustrated 
in fig. 3. 


table 2. Element resonant length 2*LER (in units of X/2) for 
different length-to-diameter ratios K. These data are plotted 
in fig. 3. 


K 2-LER 

30 0.8733 
50 0.9027 
100 0.9260 
200 0.9403 


K 2-LER 

103 0.9588 

10< 0.9715 

105 0.9782 

106 0.9823 
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Note that greater shortening is needed for thick 
cylinders than for thin wires, but even for very thin 
wires appreciable shortening is required to achieve 
resonance. Thus, if the actual length of an element is 
LE in terms of wavelengths at central design fre¬ 
quency /„, and its resonant length is LER, its reso¬ 
nant frequency, FR (in terms of f g ), may be written 
as: 

FR = LER/LE (5) 

The self impedance of such an element is then: 

R+jX = 

73 +j (430.30 logio K- 320) (F/FR - 1) ohms (6) 



fig. 3. Resonant length of a half-wavelength element as a 
function of length-to-diameter ratio, K. Note that greater 
shortening is needed for thick elements (low K) but even 
very thin wires require appreciable shortening to achieve 
resonance. 


The accuracy of this expression should be good to a 
very few per cent for elements within a few per cent 
of a half-wavelength long. 

mutual impedance 

Now must be considered the mutual impedance 
between two nearly half-wavelength elements sepa¬ 
rated by a distance s measured in wavelength X. 
Good calculations have been made by several 
authors of both the real and imaginary components 
of this complex quantity, but only for the limiting 
case of infinitely thin, half-wavelength elements; 
equations, plots, and tables are shown in Kraus 3 
(pages 265-268) and Uda-Mushiake 2 (pages 69-70). 
Kraus (page 266) also shows calculations by Tai for 
two cases of thicker, half-wavelength dipole ele¬ 
ments. Tai's calculations suggest that inaccuracies 
caused by using the limiting thin case will not be 


large; therefore, for convenience, I use it for all cal¬ 
culations. I have extended the table of Uda-Mushi¬ 
ake, and in table 3 show values in ohms for the real 
part of the mutual impedance ( RMUT) and for the 
imaginary part ( XMUT ), as a function of element 
separation, s, in wavelength. For separations greater 
than 5 = 1.5, a reasonable approximation can be 
derived from: 

RMUT = sin (2rs)for s> 1.5 (7) 

XMUT = ^-f 6 cos (2vs) for s> 1.5 (8) 

Although some caveats are necessary, you now 
have the necessary tools to calculate the parasitic 
element currents. Recall that the physical model of 
the Yagi is a good representation only to the extent 
that proper corrections can be made for element 
hardware variances (clamping and mounting hard¬ 
ware and element radius taper). These corrections 
will be detailed later. Also recall that the computation 
of self and mutual impedances (eqs. 4,5,6,7,8, and 
table 3) are approximations! Though they are prob¬ 
ably good approximations, and should give reason¬ 
ably accurate results, you should not rely on them for 
accuracy better than a few per cent.* 

computations 

The first step is to calculate the complex currents 
(or magnitudes and phases) of all parasitic elements 
given the currents or voltages applied to all drivers. 
The method is uncomplicated, following the tech¬ 
nique of P.S. Carter shown in Kraus, 3 (page 302). 
For simplicity, I will illustrate how this is done using 
one driver and three parasitic elements; extension to 
any number of elements will be obvious. For each 
element add all voltages and equate to the terminal 
voltage V n : 

IiZu + I 2 Z lz + I}Zi}+ I4Z14 = V] 

IiZ 2 ] + I2Z22 +I3Z23 +I4Z24 = V2 ( 9A ) 

I1Z31 +I2Z32 +I3Z33+I4Z34 = V3 
I1Z41 +I 2 Z 4 2+I3Z43 +I4Z44 = V 4 


•Any improvement in these approximations will require a great amount of 
theoretical work through a rigorous examination of the boundary value 
problem with attention to: 

1. Current distributions along driven and parasitic elements (they are 
somewhat different in principle). 

2. Complete numerical solutions to both real and imaginary com¬ 
ponents of element self and mutual impedance; it will be necessary to 
distinguish mutual coupling coefficients between elements of different 
function, i.e., driven to driven, driven to parasite, and parasite to 
parasite. In principle, all coefficients will depend on each affected ele¬ 
ment length and radius. 
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Assume in this example that the first three ele¬ 
ments are parasites, i.e., Vj = V 2 = V } = 0 and 
that the fourth element is driven with the complex 
voltage V 4 ; Z nn is recognized as the complex self im¬ 
pedance of the nth element, and Zy* (which is the 
same as Z kj ) is the mutual impedance between the^th 
and fcth element. Thus, all of these impedances can 
be calculated once the positions (and hence separa¬ 
tions) of the elements are specified. Since there are 
four linear equations with four unknowns, I], I 2 , I3, 


table 3. Complex mutual impedance as a function of ele¬ 
ment spacing, s (wavelength). The real part is designated 
Vt M[/r and the imaginary part as A M[/r (both in ohms). 


s(X) Rmut 

0. 73.13 

0.05 71.66 

0.10 67.33 

0.15 60.43 

0.20 51.40 

0.25 40.79 

0.30 29.26 

0.35 17.50 

0.40 6.22 

0.45 -3.97 

0.50 -12.53 

0.55 -19.06 

0.60 - 23.31 

0.65 - 25.21 

0.70 - 24.86 

0.75 - 22.50 


X MUT s(X) 

42.54 0.80 

24.27 0.85 

7.54 0.90 

-7.10 0.95 

-19.17 1.00 

-28.35 1.05 

-34.44 1.10 

-37.42 1.15 

-37.43 1.20 

-34.78 1.25 

-29.93 1.30 

-23.42 1.35 

-15.87 1.40 

-7.94 1.45 

-0.25 1.50 

6.63 


r mut x mut 
-18.49 12.26 

-13.32 16.29 

-7.49 18.55 

-1.55 18.99 

4.01 17.74 

8.75 15.04 

12.32 11.22 

14.52 6.71 

15.25 1.94 

14.56 -2.66 

12.59 -6.70 

9.62 -9.84 

5.97 -11.88 

2.01 -12.70 

-1.89 -12.30 


and I 4 , the easiest way to solve this array is by a 
matrix inversion. In matrix notation eq. 9A is repre¬ 
sented by: 


Z 11 Z 12 Z 13 Z 14 


Ij 


Vi 

Z 21 Z 22 Z 2) Z 24 


h 


v 2 

Z 31 Z 32 Z 33 Z 34 


h 


V3 

Z 41 Z 42 2 43 Z 44 


I 4 \ 


V 4 


or: Z (matrix) x I (vector) = V (vector) where all 
terms are complex. 

The solution is I (vector) = Z~ 1 (inverted matrix) x 
V (vector) whereZ x z -7 = 1. 

The process of matrix inversion is readily accom¬ 
plished with a computer using matrices having com¬ 
plex terms, e.g., with a program usually called 
CLINEQ under FORTRAN IV. Although the actual solu¬ 
tion is usually done through a mathematical process 
known as Gaussian elimination, the result is equiva¬ 
lent to matrix inversion. With this technique, a com¬ 
puter will provide solutions quickly for very large 
arrays of fifty elements or more. 

If you wish to specify the driven element current, 


I 4 , instead of voltage, V 4 , rewrite the first three para¬ 
sitic equations (eq. 9) as: 

I]Zu + I 2 Zi 2 + IjZu = -I 4 Z 14 
f l Z 21 + h Z 22 + 7 3 Z 23 ~ ~ 1 4 Z 24 (10) 

IlZn + h z 32 + IjZji = -l 4 Z} 4 
This (smaller) array can be solved in the same way for 
//, 1 2 , and I) and the results used in the fourth 
equation: 


UZ 4l + I 2 Z 42 + I 3 Z 4) + I 4 Z 44 = V 4 ( 11 ) 

to solve for V 4 . The driving point impedance for 
either calculation is simply: 

Z 4 = V 4 /I 4 ( 12 ) 

This procedure is best done on a computer, and it 
is not difficult to write a suitable program. Although I 
have written a number of such programs in FORTRAN 
IV, I would prefer not to supply them. It has been my 
experience that those who understand programming 
can easily write their own; those who are not capable 
of programming invariably need substantial assist¬ 
ance, which I am unwilling to supply. 

summary 

In this article I have discussed the basic properties 
of the Yagi antenna, and the construction of a math¬ 
ematical model which can be used for computer 
analysis. In the next article of this series I will outline 
the computer programs which accomplish this analy¬ 
sis, and will confirm, using published experimental 
information, that calculated Yagi performance is in 
close agreement with that realized in practice. 
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remote synthesized 
fm transceiver 
for 2 meters 


Construction details 
for a remote synthesized 
2-meter transceiver 
with 220-MHz control 

Activity on the Amateur 220-MHz band has 
always been on the sparse side, although in recent 
years more and more fm operators in the urban areas 
have been moving up to 220 to avoid the congestion 
of 2 meters. For a number of years we were seriously 
threatened with the loss of 220-MHz to the CB inter¬ 
ests, but that threat seems to have passed for the 
moment; other services still covet the 220-MHz allo¬ 
cation, however, and one of the best ways to protect 
the band is to increase the activity level. 

With a band as good as 220 MHz, I used to wonder 
why it was not being used to its fullest; I concluded 
that few Amateurs really "know" about 220, so there 
is little demand for good equipment, and, conse¬ 
quently, there is a limited selection. Just by way of 
introduction, the 220-MHz band has a number of 
characteristics to recommend it: it provides propaga¬ 
tion similar to that of 144 MHz, but the noise levels 
are considerably lower; 220 is wider than 2 meters by 
1 MHz, and 220-MHz antennas require less space for 
the same amount of gain. 


After I had sold myself on the advantages of 220- 
MHz, I decided to see what I could do to generate 
more interest in the Atlanta area. I first put up a 220- 
MHz repeater; no one, however, seemed very inter¬ 
ested. I had considered adding an autopatch when I 
got an idea for a remote base. Not just a fixed or few 
selectable channel remote base, but one which was 
fully synthesized and could be user programmed to 
any frequency in the 2-meter band. 

features and limitations 

I decided to make use of the excellent transmitter, 
receiver, and synthesizer kits manufactured by VHF 
Engineering and to develop only the necessary con¬ 
trol circuits to operate the synthesizer and associated 
circuits. I felt it should be possible to operate any fre¬ 
quency combination between 144.105 and 147.995 
MHz; it would be necessary to dial up the receive fre- 
qency prior to the transmit frequency so a listening 
watch could be made prior to transmitting (later it 
would be possible to dial up receive frequencies with¬ 
out transmit frequencies so the band can be scanned 
manually if desired). 

theory of operation 

Fig. 1 is a functional diagram of the overall system 
starting with a basic 220-MHz repeater. The audio 
from the repeater receiver is connected to a tone-pad 
decoder which feeds a BCD data bus; this bus carries 
data from the operator to three circuit boards. 

The first, the access and control board senses the 
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first two digits, which alert either of the other two 
boards (both identical) to accept the information fol¬ 
lowing on the data bus. The access and control 
board will also sense two digits which signal the 
remote base to shut down. The two data latch 
boards, when enabled by the access and control 
board, store the subsequent four digits as frequency 
information. This board also senses whether or not a 
valid (in band) frequency has been received. 

The data outputs from these two boards are con¬ 
nected to the data select and display board. This 
board contains the necessary circuitry to select 
whether the receiver or transmit data latch board will 
control the synthesizer frequency; it also displays the 
desired frequency and retains the last transmit fre¬ 
quency for the final identification. The data output 
from this board is connected to the synthesizer, 
which controls the receiver and transmitter. The 
audio and COS lines from both the repeater and 


remote base are processed on the miscellaneous cir¬ 
cuits board. 

tone-pad decoder 

The tone-pad decoder (fig. 2) consists of eight 
active filters, U1 through U8, each of which is tuned 
to a standard Touch-Tone* frequency. Except for the 
frequency-determining components, the following 
description of the 697-Hz filter is applicable to all 
others: Audio from the repeater receiver is coupled 
into the detector through a level adjust control, R1. 
The input on pin C allows the tones from a local pad 
to be applied to the decoder. The output from the 
active filter, UlAand U1B, is coupled through R11 to 
reduce the loading effects of U1C on the active filter. 
U1C normally is in a conducting state (output near 
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desired 

groups frequency 

Low 1 697 Hz 

Low 2 770 Hz 

Low 3 852 Hz 

Low 4 941 Hz 


Q 

adjust 
R3 RIO 

R15 R22 

R27 R34 

R39 R46 


groups frequency 

High 1 1209 Hz 

High 2 1336 Hz 

High 3 1477 Hz 

High 4 1633 Hz 


Q 

adjust 

R51 R58 

R63 R70 

R75 R82 

R87 R94 


tone pad frequency table 
frequency 
adjustment 


te pad frequency table 
frequency 
adjustment 


fig. 2. Schematic of the tone decoders. All resistors are 1 /4 watt, 5 per cent; all capacitors are Mylar unless otherwise specified. 
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zero volt). When a signal appears on its input; how¬ 
ever, the negative-going peaks cause the output to 
go positive. This positive voltage is coupled through 
CR1 across C4, resulting in a fast attack. U1D oper¬ 
ates as an open gain amplifier; the output is zero for a 
valid'tone group. 

The outputs from the four low-group tones are 
each connected to OR gates U10 through U13. The 
other gate input is connected to the appropriate out¬ 
put of the high-group filter detector. The outputs of 
each OR gate provide a zero logic state for the digit 
being received. These outputs are then connected to 
a series of logic gates, U14D, U15D, and U16D, 
which convert them to a BCD format. Included in this 
output format is a negative-going strobe, generated 
by U9 and U14C, which signals the other circuits that 
the data is valid. 

In addition to the BCD data and strobe, other out¬ 
puts are provided for each individual tone group, 
digits including # and *, and the extra right hand col¬ 
umn, A, B, C, and D. These outputs all go to a low 
state when valid and may be used, if desired, for con¬ 
trol functions. 

access and control board 

The access and control board, fig. 3, accepts the 
information from the data bus or from the extra out¬ 
puts of the tone-pad decoder and converts this data 
to the necessary system control signals. When the 
strobe goes low, it starts a timer, U7, which is con¬ 
nected to the other input of U9D. When the timer's 
output returns to a low state, and if a valid digit is still 
present, the output of U9D will go to high. This 
reduces the effects of voicing. 

When U5 goes to zero, it triggers timers U8A and 
U8B. If a valid digit is recognized, as represented by 
zero output at U5, timing capacitor C20 discharges. 
When the strobe returns high, the capacitor starts to 
recharge. If another digit is received, the strobe again 
discharges C20. So long as a steady stream of digits 
is received by the tone pad decoder, the timer will 
not reset, allowing U10 to count the U8B output. 
When the digit stream ceases, U10 is reset to zero. 

U8B act as a one shot, providing a pulse for each 
digit received from the tone-pad decoder. The single¬ 
shot pulse is coupled through gate U6D, divided by 
10 through U10, and then applied to decimal decoder 
U11. The decoded BCD digit information, plus the 
U11 output form a programming matrix. When more 
than nine digits are received, an output from U11 
stops the counter by inhibiting gate U6D; this pre¬ 
vents the counter from recycling. 

On the other side of the matrix are three sets of cir¬ 
cuits, all the same, each used for one of the control 
functions. Following is a description of the receiver 
access portion; the transmitter access portion and 


the disable portion are identical except that only the 
first and second digits can be used on the disable cir¬ 
cuit. One U1B input, for the first digit to be recog¬ 
nized, is connected to the U11 matrix outputs. The 
other input is connected through the matrix to the 
desired, preset digit. Therefore, when a received 
digit corresponds to the desired sequence, U1B out¬ 
put goes low and is inverted by U5C. When the digit 
is released, the negative-going transition starts timer 
U3B, providing a window through NAND gate U6B 
when the second control digit must be received and 
recognized. If this occurs, the U6B output goes to a 
zero, sending a control signal to enable the receive 
mode data latch and control board. The other control 
functions enable the transmitter data latch and con¬ 
trol board or can disable both boards. 

data latch and control boards 

Two data latch and control boards, fig. 4, are 
required: one for the receive frequency and one for 
transmit. When the access and control board signals 
receipt of the proper access code, it provides a zero¬ 
going pulse to the alert line (pin C) on the data latch 
board. This zero-going pulse performs several func¬ 
tions: It toggles U3A (which enables the counter U4, 
OR gate U12D, and NAND gate U13C), and U3B 
(which disables either the transmitter or receiver 
through OR gates U12B and U12C); it also provides a 
start pulse to U2B through U13D and U13C. When 
enabled, U4 counts the number of zero-going pulses 
on the strobe line. 

The strobe pulses are conditioned by U2A to pro¬ 
vide a single, short positive pulse regardless of how 
long the digit is held. These output pulses are also 
used to enable data latch chips before advancing the 
counter; this protects the currently stored digit and 
prepares for the next. The pulses from U2A are in¬ 
verted by U16F and applied to one input of NOR 
gates U6A, U6B, U6C, and U6D. 

The other gate input comes from BCD-to-decimal 
decoder U5. When more than five pulses have been 
counted by U4 and U5, a signal from U5 inhibits 
U1B, preventing the data latches from accidentally 
being recycled. As the counter advances from the 
starting point through three, each of the U6 NOR 
gates is allowed to pass the pulse generated by U2A; 
the following latches are sequenced to sample and 
store the information from the data bus. 

In addition to decoding the data bus, the latch out¬ 
puts are connected to a series of BCD-to-decimal 
decoders for sensing dialing errors, and/or the selec¬ 
tion of out-of-band frequencies. The outputs of U17, 
U18, U19, and U20 are connected to a series of gates 
that check for specific frequencies. The U22C output 
goes low when out-of-band operation is sensed, 
sending a pulse through U15A, U15B, and U15C to 
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reset U3A. U12A blocks the reset pulse during the 
dialing time. 

When the user has finished dialing, U2B is allowed 
to reset; both U13A inputs go high, passing a pulse 
through C9. This pulse is subsequently inverted by 
U15C and used to reset U3A and counter U4. U13A 
output is also connected to inverter U16B, which 
enables the circuits for testing number of digits 


dialed. If the tests are passed, U12A resets U3B, 
enabling U12B to pass the COR/COS input on pin N 
of the card edge connector. 

If the wrong number of digits is received or an out- 
of-band signal is sensed, the reset signal is blocked 
by U12A, and U3A is reset by the output from U15A; 
U3B is not reset, leaving either the transmitter 
and/or the receiver disabled. 
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The main function of the data select and display 
board, fig. 5, is to determine whether the receiver or 
transmitter data latch and control board controls the 
synthesizer frequency. It also displays the operating 
frequency and the mode (receive or transmit). This 
board also senses when the transmitter is moved to a 


new frequency and instructs the identifier to send an 
ID; the old frequency is stored until the ID has been 
sent and then released. 

The data selecl.function is performed by U14, U15, 
and U16. The outputs are connected to three data 
latches (U11, U12, and U13) which normally have 
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Layout of the bottom of the remote synthesized base. At 
the far left is the 15-watt 144-MHz rf power amplifier; the 
heatsink is on top of the chassis; enclosure at left center 
contains the 144-MHz filter. The four circuit boards at top 
right are. beginning at the left: 144-MHz receiver. 10.7-MHz 
i-f. 455-kHz i-f. and audio: lower right is the VHF Engineering 
144-MHz transmitter strip. 

their enable inputs held high by U2C and U2D so the 
outputs follow the input. Whenever the transmitter is 
disabled, the okay to transmit (XMT OK) signal from 
the transmit board goes high, setting U2C and U2D, 
which causes the data latch enable line to go zero, 
holding the data at that time. The frequency will be 
displayed and held and used by the synthesizer as the 
transmit frequency. The setting of U2C and U2D pro¬ 
vides a pulse through U2A and U2B which then trig¬ 
gers the CW ID. 

When the ID finishes, it causes a reset pulse to be 
generated from Q1 through Cl to reset U2C. On an 
initial transmission, the CW identifier is triggered by a 
positive pulse generated when U17 toggles. It is set 
by a pulse generated through C7 when the XMT OK 
line goes to zero, then resets through C6 the next 
time the remote base key line is engaged. 

The display portion of the board consists of six, 7- 
segment LED displays. Digits Ml and M2 are hard¬ 
wired so they always display one and four; the re¬ 
maining displays are driven through current-limiting 
resistors and decoder drivers connected directly to 
the same data bus as the synthesizer. To reduce 
power consumption, the display is strobed. 

To control the data select ICs, the key line to the 
transmitter is also connected to the input of 02. 
When the transmitter is keyed, the input to inverter 
Q2 goes low; the output is inverted by U5C, which 
controls the data select chips U14, 15, and 16. When 
the key is released, 02 conducts, the green LED 
(receive) is illuminated, the red LED goes out, and the 
data select outputs return to the selected receive fre¬ 


quency. The green receive LED is inhibited whenever 
a valid frequency has not been accessed. 

The RCV OK signal is connected to one input of 
U1A while the other input of U1A is connected to the 
collector of 02. The output of U1 A, therefore, is held 
low whenever the RCV OK signal is high (disabled), 
regardless of the 02 output. 

miscellaneous circuits board 

This board, fig. 6, contains the regulator chip and 
the associated components to control the 5-volt pass 
transistor. Also on this board is the keying control 
for the remote transceiver, repeater keying control, 
repeater audio inputs, and signaling generating 
circuits. 

The remote base is keyed by the repeater receiver 
COS signal after it has passed through the transmitter 
data latch and control board. The other keying input 
is the CWID PIT output. The CWID gets it COR input 
from the output of Q9, which allows it to ID during a 
series of transmissions. A slight delay in dropping of 
the remote transmitter is provided by C22 and CR12 
to prevent the transmitter from dropping out because 
of flutter on the 220-MHz input. 

Repeater keying is provided from three sources: 
the remote receiver (COS after it has passed through 
the receiver data latch and control board), the signal¬ 
ing circuits, and CWID. The remote receiver COS is 
connected to the inputs of Q1 and Q3 after it has 
gone through the receiver data latch and control 
board. When a signal is being received by the remote 
base receiver, this COS input goes low, Q3 is cut off, 
and Q4 is driven into saturation. 

The CWID PTT is coupled through CR13 and R12 to 
Q4. When the ID is running, a positive voltage keeps 
the repeater on the air and allows the ID audio to be 
heard over the repeater. 

The other input to Q4 is from the signaling circuitry 
through CR6. Whenever one of the control functions 
has been activated, a signal is returned to the opera¬ 
tor through the repeater to let him know the status of 
his controlling commands. These outputs are con¬ 
nected to U1A for the OK signal, and U1B for the 
ERROR signal. 

When an OK signal is sensed, a short pulse is 
developed across either C5 or C6 which results in a 
short zero-going pulse at U1A output. The pulse is 
connected to gates U2A and U2D. If there is an input 
on the repeater receiver, it is assumed that the opera¬ 
tor is still transmitting, causing the output of Q5 to be 
high, blocking the pulse output of U2A. Since the 
output of Q5 is inverted by U4C, the other input to 
U2D will be low, so when the signaling pulse arrives, 
it is allowed to pass through U2D and set U3A. When 
the receiver COS is released, the Q5 output returns 
low, sending a short pulse through C9 to reset U3A. 
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When U3A resets it sends a pulse through CIO to 
trigger U7B. 

If there was no input to the repeater receiver when 
the signaling pulse appears on the output of U1A, 
the Q5 output would be low, allowing this pulse to 
pass through U2A and not through U2D, triggering 
U7B. U7B is a one-shot timer which provides a pulse 
to operate the tone generator U9, and key the repeat¬ 
er transmitter through U5D and CR6. This results in a 
short continuous tone to signal that either the receiv¬ 
er or transmitter had been properly accessed. 

If a valid frequency had not been accessed, how¬ 
ever, an ERROR signal would be received on one of 
the inputs. If there is no input to the repeater, U2B is 
'allowed to pass this pulse to U4E, while U2C will pass 
the pulse to U3B. U3B will then reset when the 
repeater is no longer receiving a signal, sending a 
pulse through C13 to U4E, U5B, and U4D. 

When U4D output goes low, U6 counts the pulses 
from U7A; this output is also coupled through U5C 
to the tone generator U9 to provide a series of dits. 
Once started, the BCD 8 output on the counter will 
go to zero. This level is connected to one of the in¬ 
puts of U5A; the other U5A input is from U4D which 
went zero with the signal-starting pulse. With both 
inputs at zero, the U5A output is zero. This is in¬ 
verted in U4F and connected to the other U5B input. 
This allows the counter to cycle through to the 
eighth count where the output again goes high, 
causing U5A output to go high, eventually stopping 
counter U6. The U4F output is also used to stop the 
pulse generator U7A and key the repeater transmitter 
through U5D, CR6, and Q4. 

Audio from the remote receiver is connected 
through R1 to Q1, which is controlled by the receiver 
COS. This blocks the receiver audio when an invalid 
frequency has been selected or the receiver has been 
disabled. The Q1 output is coupled through C2 and 
R5 into Q2. The output of the signalling generator U9 
is also connected through R7, C3, R6 to Q2, while 
the CWID is coupled through Cl5 and R35 and R36 to 
Q2. This allows independent adjustment of the 
receiver, ID, and signalling audio levels. 

construction 

The remote base was built into an LMB cabinet 
(W-2J). The receiver, a VHF Engineering RX144B, 
was assembled according to the manufacturer's in¬ 
structions, with the exception of a modification to 
make the COS output go low upon the receipt of a 
signal. This strip is mounted on the underside of the 
chassis as shown in fig. 7. Two small potentiometers 
were added to the VHF Engineering TX144B trans¬ 
mitter for the line and mike inputs so that both the 
levels and the deviation limit could be set. A VHF 
Engineering PA144-15 power amplifier was used. 



Top of the synthesized base showing circuit board place¬ 
ment; boards, left to right, are data select and display, 
transmit data latch, receive data latch, two-digit access. 
CW ID, touch pad decoder, and VHF Engineering synthesiz¬ 
er. Miscellaneous circuits board (fig. 6) is at lower right next 
to the heatsink |on rear panel) for the 5-volt regulator. Heat¬ 
sink for the power amplifier stage is hidden by the speaker 
in foreground. 

although the PA144-25 will also work. The amplifier 
was mounted with its heatsink on top of the chassis 
and the printed-circuit board with the components 
below the chassis (see fig. 7). The double-pole, 
double-throw relay (Magnetcraft W88X-7) mounted 
next to the antenna connector is used to switch the 
antenna and the 12-volt supply between the receiver 
and transmitter. 

The receive and transmit oscillator signals are fed 
through phono connectors located on the opposite 
side of the receiver. The volume and receiver squelch 
controls are mounted between the exciter and front 
panel. 

The tone-pad decoder board, two-digit access and 
control board, data latch boards, data select and dis¬ 
play board, miscellaneous circuit board, and the 
CWID and synthesizer are all mounted on the top side 
of the chassis. A heatsink (Wakefield 641-Z) with the 
2N3055 5-volt regulator transistor is mounted on the 
rear panel behind the miscellaneous circuit board; 
the 9-volt and 5-volt regulators for the synthesizer are 
mounted without,heatsinks on the other side of the 
rear panel. 

The VHF Engineering SYN II synthesizer board 
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was assembled according to the manufacturer's in¬ 
structions with the exception that resistors R1 
through R12 and R14 were not installed. The offset¬ 
programming diodes, CR3 through CR8 are not 
needed. 

The eight feedthrough capacitors are used for the 
following items (listed in order from the front to the 
rear): 

1. Local mikePTT 

2. Transmit/receive relay 

3. Transmit audio 

4.13.6-Vdc supply 

5. Receiver audio 

6’. Receiver COS 

7. Receiver speaker 

8. Optional S-meter 

When stuffing the two-digit control board (TDC 
203), the control codes should be chosen and pro¬ 
grammed; I used 71 (R1) for receive, 81 (T1) for 
transmit, and 73 for disabling. 

installation and interfacing 

The 2-meter base was connected to a VHF Engi¬ 
neering 220-MHz repeater. The repeater COS (low 
state on) from the COR-2 board (PTT), along with the 
audio from the repeater speaker line, are connected 
to the audio and COS input lines of the remote base. 
Initially the installation was made at a site which con¬ 
tained one 2-meter repeater and another 220-MHz re¬ 
peater. In addition, there is a 2-meter repeater 
located approximately 0.4 km (1/4 mile) from the 
remote base. The major problem is with the 2-meter 
repeater located at the same site as the remote base, 
although some interaction (desense) also occurs 
when the other 2-meter repeater is in use. Based on 
these experiences, I recommend that the remote 
base not be co located with a 2-meter repeater. I also 
recommend that the 220-MHz and 2-meter antennas 
be located one above the other on the tower. 

operation 

For maximum versatility the system was set up to 
allow separate dialing of the receive and transmit fre¬ 
quencies. To dial the receive frequency, dial R (7 on 
the tone pad) and the frequency desired, R147.340 
for example. After the mike PTT has been released, a 
short continuous tone will be heard, indicating that 
the frequency has been successfully accessed (a 
short burst of dots indicates the operator was unsuc¬ 
cessful). When a valid receive frequency had been 
accessed, any signals appearing on the remote re¬ 
ceiver input will be heard on the 220-repeater output. 

Once a frequency has been selected, then the 
appropriate transmit frequency, simplex or repeater 


input, can be dialed starting with T (digit 8) and the 
frequency, T147.940 for example. Again, shortly 
after the mike key has been released, a signalling 
tone should be heard which indicates either success 
or failure. If it's success, any signals appearing on the 
input to the 220-MHz repeater will be retransmitted 
on the selected 2-meter transmitter frequency. 

When the transmitter is used on a new frequen¬ 
cy, it will transmit its ID on both the 2-meter remote 
base as well as the 220-MHz repeater. The ID will 
reoccur periodically during a series of transmissions 
at a rate set by the control operator. 

After a QSO is complete, only the transmitter can 
be dropped, allowing the operator to monitor any last 
comments from others by dialing the transmit access 
code T1 (81), but no additional digits. When this is 
done, the transmitter starts to reprogram, but since a 
valid complete frequency is not received, a misdial 
(error) is sensed and an ERROR signal is returned; the 
transmitter identifies on the last frequency it used 
and is then disabled, leaving the receiver on. The 
receiver can be dropped by dialing the access code 
R1 (71) and no further digits. The code 73 will drop 
both the receiver and transmitter and return an OK 
signal indicating successful receipt of that command; 
this causes the remote transmitter to identify a final 
time on the last frequency it used. 

current result and the future 

The prime purpose of this project was to encour¬ 
age the use of 220 MHz by Amateurs in the Atlanta 
area. Though the selection of 220-MHz rigs avail¬ 
able is currently limited, I hope the demand for equip¬ 
ment will stimulate an abundance of gear with the 
many bells and whistles that are now available on 
2-meter rigs. 

Over a year ago there were two 220-MHz repeaters 
on the air in the Atlanta area and only four people 
using them; six months ago two more operators be¬ 
came regular users but I was unable to convince 
others to invest in 220-MHz equipment. Since the 
remote base has been on the air, about fifteen new 
operators have been added to the list, and this was 
before demonstrations were given to the Kennehoo- 
chee Radio Club and the Atlanta Radio Club. 
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portable 

monoband shortwave receiver 

with electronic digital 
frequency readout 


I have previously expressed my views on the 
advantages of monoband receivers.1.2 This article 
describes my latest effort in this regard. A portable 
receiver design is shown with digital frequency read¬ 
out. The front end covers 2.3-6.5 MHz without band¬ 
switching. Frequency coverage can be extended by 
changing the rf and mixer coils. Two frequency-dis¬ 
play options are offered depending on the i-f chosen; 
these are dubbed GP-58 and GP-59. The receiver 
weighs about 3.4 kg (8 lbs.), uses about S250 worth 
of parts, and required about 450 hours to build. 

general considerations 

My sets are designed for portable operation, so 
size and power consumption are of prime impor¬ 
tance. Although frequency readout with mechanical 
counters is attractive, much design and construction 
difficulty occurs. Judging from reader response to 
earlier designs, 3 many prospective builders lacked 
facilities to homebrew a set with mechanical digital 
frequency readout within the standards set forth. 

With the advent of electronic frequency counters 
designed around CMOS ICs, 4 it's possible to read fre¬ 
quencies with an extremely low current drain, which 
makes this method of frequency measurement suit¬ 
able for battery operation. The physical size of CMOS 
counters is also quite small, and they require fewer 
components than the older TTL devices. 

designs 

If you're interested in receiving signals below 10 
MHz (as in my case), frequency readout is extremely 


easy to implement by using a 9-MHz i-f. The MHz 
digit is read on the VFO bandswitch knob and the kHz 
numerals are read on the counter display (fig. 1). The 
VFO frequency (12.015 MHz) is set equal to the 
received frequency plus the i-f. 

Note that, using this design option (the GP-58), 
the readout is entirely digital yet only three LED dis¬ 
plays are used. Counter current drain is reduced to a 
bare minimum. The 9-MHz crystal filter is available 
for about $50.00. 

An alternative design (the GP-59) employs elec¬ 
tronic digital frequency readout by using a 10-MHz i-f 
(fig. 2). This option offers more convenient frequen¬ 
cy readout but at the price of more battery drain and 
a custom-made 10-MHz filter. The 10-MHz crystal fil¬ 
ter is available in the U.S. on special order for about 
$80.00. It can be home built. 5 - 6 The filter in reference 
6, which I've tried, is particularly attractive. It uses 
standard 10-MHz crystals. 

A word of caution if you're planning to use the 10- 
MHz i-f: Some performance degradation may occur 
because of WWV signals feeding into the 10-MHz i-f 
strip. The receivers are well shielded and use a trap 
tuned to the i-f in the front end, but isolation may not 
be sufficient where the WWV 10-MHz signal is par¬ 
ticularly strong. In this case more elaborate shielding 
may be required. 

Despite the fact that the VFO operates in the 10-20- 
MHz region, extremely stable operation occurs. (Sta- 

By Jack Peroio, PY2PE1C, P.O. Box 2390, 
Sao Paulo, Brasil 
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Received signal is3.015 kHz. 


bility, sensitivity, and avc response are shown 
below.) 

construction 

The photos show the GP-58 receiver and give 
details for its duplication. A schematic is provided in 
fig. 3. 

Cabinet dimensions are 140 x 65 x 160 mm (5.5 x 
2.5 x 6.5 inches). Cabinet material is 16-gauge stain¬ 
less steel. The cabinet was formed on a steel press. 
The main chassis and back panel are of 3.2-mm (1/8- 
inch) aluminum. All shields are of 0.8-mm (1/32- 
inch) thick aluminum. The PC boards are mounted 
on 6.4-mm diameter (1/4-inch) pillars fastened with 
M3 (4-40) alien screws. 


The 9-MHz crystal filter is available from Yaesu 
dealers. Its bandwidth is 2.4 kHz at -6 dB. The i-f 
coils are made in Brasil and are about 15x15 mm (0.6 
x 0.6 inch) with a 6.4-mm (1/4-inch) internal coil 
form. 

power supply 

The power supply accepts both ac and dc. It has 
been designed for portable operation, in which the 
display can be switched off to reduce battery drain. 
You can use a 12-volt ac supply or a 12-13 volt dc 
source rated at 100 mA. Current consumption at 12 
volts dc is 85 mA with the counter on and about 45 
mA with the counter off. For portable use I operate 
this set with a calculator power supply. The 13-volt 
zener is a surplus item and, being of nonstandard 
voltage, may be difficult to find. A 12-volt zener 
could be used. 

devices 

The digital displays are Fairchild FND-357. ICs 
7207 and 7208 are by Intersil (described in reference 
4). Note that the 7207A is not a replacement for the 
7207. The 74LS90 is a standard low-power Schottky 
device available from many sources. Transistors BF- 
255, BD-135, and BD-136 are Siemens; BF-115 is 
Phillips. All other transistors are of U.S. manu¬ 
facture. 

performance 

With the filter shown (bandwidth 2.4 kHz at 6 dB 
down), overall sensitivity was measured at slightly 
over 122 dB (while receiver tuned to 4 % 9 MHz): 


coil* description (MHz) 

LI 18t on 5-mm (3/16-in) slug-tuned ceramicform 9.0 

12, L3 6t and 55t respectively (Amidon T37-2 toroid) 2.3-6.5 

L4 55t (Amidon T37-2 toroid) 2.3-6.5 

L5 18ton6.5mm(1/4-in.)slug-tunednyloncoilform 9.0 

L6 42t on 6.5-mm(1 /4-in.) slug-tuned nylon coil form 9.0 

L7 18t on 6.5-mm (1/4-in.) slug-tuned nylon coil form 9.0 

L8 18ton6.5-mm(1/4-in.)slug-tunednyloncoilform 9.0 

L9 6t on 6.5-mm (1/4-in.) slug-tuned nylon coil form 9.0 

L10 lOt on 5.0-mm (3/16-in.) slug-tuned ceramicform 11.3-15.5 

•all coils are wound with 0.3 mm (no. 28) enameled wire 


Knobs are by National (Raytheon makes a similar 
design). The antibacklash gear reducer is a British 
import with a 1:100 ratio; the manufacturer is Muf- 
fett. Ltd. The VFO capacitor is also a British import 
(Windgrove and Rogers). The S-meter is a Japanese 
import with a 1-mA movement. (The original dial was 
replaced to show S-meter readings.) 


front end and mixer 14 dB (including 

filter loss) 

i-f strip 70 dB 

audio section 38 dB 

Operation is stable for the input-voltage range of 12-8 



fig. 2. Electronic digital frequency readout using a 10-kHz 
i-f. Received signal is 4.016 kHz. 
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volts. At about 7.5 volts the counter becomes 
unstable. Desensitization becomes noticeable below 
9 volts, with overall gain dropping to about 100 dB. 

Worthy of mention is the fast-attack, slow-release 
avc response (also measured at 4.9 MHz): 

input signal (mV) output (mV) 

125 275 

20 275 

2 200 

Counter frequency stability is excellent. Operation to 
18-19 kHz was stable and reliable. (These are my 
qualitative observations; they were not checked spe¬ 
cifically.) 

Overall stability was measured with a laboratory 
frequency meter. After a 5-minute warmup (radio 
tuned to 6.2 MHz), the frequency did not vary more 
than +25 Hz during a 15-minute period. The key to 
such performance is to operate the VFO transistor 
with V cc at only 5.6 volts while selecting the best 
capacitive feedback ratio (see fig. 3). 

conversion to other frequencies 

This set was designed for shortwave broadcast lis¬ 
tening between 2.3 and 6.5 MHz; the Amateur 80- 
meter band is therefore included. The Amateur 40- 
meter band could be covered by appropriate changes 
to the rf and mixer coils. For higher-frequency Ama¬ 
teur bands the VFO range will probably exceed the 
counter upper-frequency response. This problem 



board; at top right is the mixer board with the 9-MHz crystal 
filter and matching transformer. The VFO variable capacitor 
is at center right. Toroid coils are seen for the rf and mixer 
stages. Below the VFO capacitor is the VFO bandswitch and 
the tuning gear reducer. At bottom left is the CMOS frequen¬ 
cy counter, which is completely shielded from all other 
stages. On the frequency-counter board above the band- 
switch shaft are the 74LS90 1C preceded by the two ampli¬ 
fier stages (BF-255). The 5-volt regulated power supply is at 
top left near the 1000-/tF electrolytic capacitor, which is par¬ 
tially hidden by the cable harness. 



Bottom view. The 12-volt regulated power supply is at top 
above the tuning shaft. The af amplifier is at center left. The 
rf 2-gang tuning capacitor is at bottom left. Below is the 9- 
kHz input trap coil. The i-f double-sided PC board is in the 
center. The tuning gear reducer is at top right; below it arfe 
the padder and trimmer fixed capacitors, the VFO variable 
capacitor and VFO coil, and the VFO board (bottom right). A 
shield separates the VFO from the i-f board. 

could be cured either by adding a prescaler to the 
counter or by running the VFO below the input fre¬ 
quency. Note that VFO operation above 10 MHz 
requires the first two digits to be shown on the band- 
switch knob rather than only one digit as shown in 
fig. 1. 

final remarks 

I used particular care in this design to maintain low 
current drain without sacrificing performance. The 
LED displays are visible using a 120-ohm series resis¬ 
tor as shown in fig. 3. The af strip was adjusted for 
headphone operation with low quiescent current 
(about 12 mA), yet it can deliver peaks of over 2 
watts into a 4-ohm load. 
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solid-state 

vhf linear amplifiers 


With the increasing use of single sideband on 2 
meters and above, more solid-state linear amplifiers 
are being built. The power range of these amplifiers 
has been extended into the 80 to 100 watt per transis¬ 
tor package class. However, a major difficulty occurs 
since the existing market is almost exclusively class C 
Hand-mobile fm), with no linearity requirement; 
Amateurs want the ruggedness of the land-mobile 
components, with the additional features of linearity 
and 4-MHz bandwidth. 

distortion products in 
linear amplifiers 

Amplifiers have been in use since the inception of 
Amateur Radio. The term "linear" is a precise term 
describing the output waveform as being a constant 
multiplied by the input. Since only "approximately 
linear" amplifiers are available to us, we generally 
limit the term linear to amplifiers which have odd- 
order mixing (intermodulation) products 30 dB or 
more down from peak power. This figure was derived 
in the early sixties by power tube engineers at Eimac; 
they determined that with intermodulation products 
down 30 dB, an Amateur would cause minimal dis¬ 
turbance to an adjacent channel; the industry cur¬ 
rently specifies most high-frequency equipment near 
this standard. However, in the vhf range, many solid- 
state amplifiers exhibit intermodulation distortion 
products similar to that of a class-C amplifier. In fact, 
one amplifier tested showed near identical intermod¬ 
ulation performance with or without forward bias. 

causes of nonlinearity 

The sources of nonlinearity can be related to three 
major areas in bipolar semiconductors: the input, the 
transfer function, and the output. The input charac¬ 
teristics are affected by two components: the base- 
emitter diode and the base resistance. The base- 
emitter diode will function as a detector or mixer. 
This nearly-ideal diode responds as predicted by the 
diode equation with a full set of harmonics and mixer 
products when driven by a sinusoidal input. The base 


resistance also changes in a nonlinear fashion 
because of base-width modulation and resistivity 
changes by heavy injection of minority carriers. How¬ 
ever, these changes are masked somewhat by the 
effects of the base-emitter diode. 

The second problem area is the transfer function, 
the variation of hf e with current. This variation is 
dependent upon the device-doping profiles which are 
fixed by the semiconductor manufacturer. High-fre¬ 
quency (2-30 MHz) linear components show less 
change in hj e than do the class-C parts we must use 
on 2 meters. 

The output characteristics of the transistor are a 
third source of intermodulation products. These 
relate to the junction capacitances and the voltage 
across the junctions. Fortunately, the output charac¬ 
teristic contributions are minor when compared with 
the total problem. 

Fig. 1 shows a transistor model that I borrowed 
from Amprex which illustrates the effects and contri¬ 
butions of the various components. Note that I have 
added an input T network similar to the input of a J0 
packaged rf power device. 

optimization of linearity 

The two predominant areas, within the design, 
that control linearity are choice of operating point 
and the matching networks. The base-emitter diode 
is not practical because of series impedances within 
the transistor package; high emitter currents reduce 
distortion by reducing the applied signal voltage 
across the diode. The emitter resistance, R e , will 
contribute to this effect as does the package induc¬ 
tance. Increasing the collector current excessively 
will slide the operating area into the saturation region 
where the nonlinear transfer effects ( hf e ) will predom¬ 
inate. I have found that close attention to this detail 
and presenting the proper load impedance to the 
transistor will provide acceptable IMD products. 


By Charles F. Clark, AF8Z, 3720 Blue Mound, 
N.E., Cedar Rapids, Iowa 52402 
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common-emitter configuration. In addition to the basic 
model described by Amperex. the author has added a T net¬ 
work at the input to approximate the J0 package. 

biasing 

The biasing of vhf power devices should be the 
same as that of high-frequency devices. The charac¬ 
teristics of this bias source should include a thermal 
cutback, to prevent a shift of the operating point 
when the transistor die heats up, and a low-impe¬ 
dance, constant-voltage source. These seemingly 
contradictory requirements are created by the drop in 
base-emitter voltage with temperature and the recti¬ 
fication of drive in the base-emitter junction. A typi¬ 
cal 80-watt high-frequency device might experience 
a 200-mA change in base-current drive requirements 
because of this effect. These changes make the par¬ 
alleling of devices even more difficult than at high 
frequencies. If you must parallel devices, match Vbe 
(on) and hj e . 



practical bias circuits 

There are many bias circuits which meet the fol¬ 
lowing two requirements: the dc base voltage is con¬ 
stant with rf drive level variations, and the dc base 
voltage decreases as die temperature rises within the 
package. The diode clamp and Byistor are two 
extremely similar circuits which meet these require¬ 
ments. The Byistor offers superior protection from 
thermal runaway because the increase in voltage 
drop across the silicon resistor lowers the bias volt¬ 
age. The diode clamp, without the series resistor, 
offers a lower source impedance. The Byistor has an 
output impedance of about one ohm. The current 
required for the diode clamp does not change appre¬ 
ciably over the operating cycle (see fig. 2A). The 
base current requirement can be in the 200 to 400 mA 
area. 

A reduction in current requirements may be 
obtained by using a series, rather than a shunt, regu¬ 
lator. The simplest is a diode clamp circuit feeding 
the base of a pass transistor (see fig. 2B). A second 
series diode is added to compensate for the base 
emitter drop of the emitter follower. This reduces the 
current required from the diode source by l/hj e . 
Single-transistor amplifiers work well, as demon¬ 
strated by the circuit from Amprex shown in fig. 2C. 
The variable resistor is used to set the output volt¬ 
age. This circuit has an output impedance of approxi¬ 
mately 0.1 ohm for a 360-mA current variation. 

Operational amplifier circuits provide even lower 
output impedances and may feature current limiting 
and an even greater range of operating points (see 
fig. 2D). If you are interested in superior perform¬ 
ance, this type of circuit is appropriate'. 

bias circuits precautions 

Always begin experimentation with minimum bias 
voltage. The hj e of rf devices designed for class-C 



fig. 2. Four different methods for supplying base current. (A) illustrates a simple diode clamp/Byistor circuit. The Byistor pro¬ 
vides superior thermal runaway performance. By changing to the series regulator (B) instead of shunt regulators, the current re¬ 
quirement is reduced by 1C) shows another version which incorporates a simple transistor amplifier. This circuit, along 

with ID), is an active bias supply which features high current capability and low output impedance. 
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operation varies widely, unless specified at a certain 
value. The bias voltage may be set at a fixed value 
once the desired current is determined for a specific 
transistor. 

Mount the temperature sensor to the rf transistor's 
package for maximum protection against thermal 
runaway. The second best is to mount the sensor on 
the heatsink near the rf transistor. Never expect pro¬ 
tection against thermal runaway if the diode or tran¬ 
sistor sensor is floating with its leads in the air. 

L-network matching 

Input and output impedance matching can be per¬ 
formed by using a series of L-matching sections. The 
L match (see fig. 3) is a minimum Q match and is 




fig, 3. Schematic diagram of an L network and the neces¬ 
sary design equations. The lowpass prototype at the output 
of the transistor provides additional harmonic filtering 
which may make additional filters unnecessary. 


ideal for matching across an entire Amateur vhf 
band. The maximum impedance transformation 
should be less than 5:1, if possible. A 10:1 transfor¬ 
mation, however, may be possible with real world 
components, if care is used. 

When matching the output of the transistor to 50 
ohms, a lowpass matching section reduces the 
required filtering at the output of the unit. My experi¬ 
ence has shown that harmonic levels will be approxi¬ 
mately 40 dB down, without additional filtering. The 
design of the first L-matching section is performed 
with the package inductance in mind. 


low-frequency stability 

Low-frequency oscillations can occur between 
several hundred kHz and several MHz if suitable pre¬ 
cautions are not taken. These oscillations are quite 
troublesome, and the high low-frequency gain of the 
device and the mismatch presented to the collector 
can cause thermal runaway and destruction of the 
transistor before the thermal foldback can prevent 
runaway. Therefore, design must guard against this 


possibility by either bypassing the collector in a suit¬ 
able fashion or using a feedback network that kills 
gain at the low frequencies. 



The networks shown above will cure most prob¬ 
lems caused by the classical modes of oscillation. As 
an aid, here are some basic rules of thumb that can 
be used to rate different rf transistors and the low- 
inherent frequency stability: 

1. Low frequency gain should be as low as possible 
(low hj e ). 

2. Emitter resistance or inductance decreases gain 
and therefore increases low-frequency stability. 

3. High collector resistivity lowers gain. 

This sums up the low-frequency stability prob¬ 
lems; other new problems, however, crop up with 
the increase in gain to linear circuits — vhf parasitics. 
The parasitics are due to excessive emitter induc¬ 
tance and feedback from the collector forming a 
grounded-base oscillator. These oscillations may be 
killed by a further increase in emitter inductance, 
with the resulting loss of gain, or by a reduction in 
emitter inductance and a gain increase. It is wise to 
note that 3.2-mm (1/8-inch) increases on all four 
emitter leads of a J0 package will cause a 3-8 dB 
decrease in gain; it is possible to get only 8-10 dB at 
best. Obviously, decreasing the emitter inductance is 
a superior course of action. This can be done by 

1. Using copperfoil to strap the grounds of the printed 
circuit board together, or using eyelets to do the 
same. 

2. Mounting the base-to-emitter and emitter-to- 
collector capacitors on top of the transistor leads. 

This mode of oscillation is supported by the output 
matching network and from computer aided analysis 
seems to be present in all the matching networks I've 
compared. One way to determine if this is the case in 
your amplifier is to add additional capacitors to the 
base circuit; if you still draw excessive collector cur¬ 
rent, the chances are you have a common-base 
oscillator. 

ham radio 
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amateur radio equipment survey 

number two 


If you have read the results of our User's Survey on 
the Drake Twins in the December, 1979, issue of 
Ham Radio Horizons, it's almost a sure bet that you 
are ready to give us your thoughts on some equip¬ 
ment that you own, or have used. 

Well, here's your chance — if you own a Heath 
HW/SB-104, a Ten-Tec Triton IV, or a Yaesu FT- 
101B (or later). 



I know, from looking at equipment advertisements 
in classified sections, from comments made on the 
air, and from correspondence, that there are sizeable 
numbers of each of these rigs in use in the Amateur 
world, so your reponse should be a pretty fair cross- 
section of opinion about these three rigs. Look care¬ 
fully at the letter suffix on the FT-101, if that's your 
rig. I'm limiting the questions to those with a suffix of 
B, or later, because the first FT-IOIs on the market 
were not really the same as the later ones. The engi¬ 
neering changes in more recent 101s were sufficient 
that they're almost different rigs, at least as far as 
operating problems and servicing are concerned. 
Also, here's your chance to sound off about a rig you 
may have assembled — the HW-104 or SB-104. 



There's a space for you to give the Instruction/ 
Assembly manual a rating, which will prove useful to 
newcomers who want to build a rig, and to manufac¬ 
turers who print manuals and instructions. 

Now, about that rating system ... It was very 
clear, as I tabulated the results of Survey Number 1, 
that it was too easy. People who "loved" their Drake 


equipment just jotted down a 10, while those who 
had many problems of one sort or another gave it a 
rating of 1. The histograms with the report in this 
issue reflect this; the "weight" is all at the upper end 
of the scale. Accordingly, I've changed the rules just 
a bit, and you'll have to spend a few more seconds 
thinking about your rig before you give it a number. 
For instance, 10 now means the rig is perfect. (If an 
overwhelming majority of the answers indicate any 
one particular rig is perfect, I'm going to start 
wondering about some of the "good deals" I've been 
conned into!) 

Other revisions on the form simply removed a 
somewhat redundant question, as in the case of 
"Best Feature," and "Why?" Most of the respon¬ 
dents named the best feature and told why in one 
long paragraph, or else they knew what the best 
feature was, but couldn't find the right words to ex¬ 
plain why. The same goes for "Worst Feature." 



These changes also leave a bit more room in the next 
question for an explanation of troubles. 

Plans for future User's Surveys call for a trio of vhf 
rigs, and then some more high-frequency types. By 
that time, there should be a fair population of the 
newest crop of rigs in use, such as the TR-7s, the 
901s, the Omni D, and many others that came on the 
market in late 1978 and 1979. 

It's going to be an interesting winter — and I may 
have to learn to use a minicomputer in self-defense. 
Fill out the form, and drop it in the mail right away. 
Here's another change you'll notice — our address is 
given at the bottom of the second page, thanks to 
several of you who suggested that we print it on the 
form. 

ham radio 


By Thomas McMullen, W1SL, Managing 
Editor, Ham Radio Horizons 
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expanded memory 
for the 


Autek MK-1 programmable keyer 


Additional 2120AL RAM chips 
and switching logic allow 
memory capacity increase 

Many on-the-air contacts confirm the popularity 
of the Autek Research MK-1 memory keyer. It's a 
superb performer and not too expensive. Recently a 
good friend, Mr. Meyer Minchen (AG5G), asked for 
my help in expanding the memory capability of his 
MK-1. What follows is a description of a simple and 
inexpensive addition to the keyer that can increase its 
memory capacity by as little or as much as desired. 

The heart of the MK-1 memory is the versatile 2102 
random-access memory (RAM) chip. It's capable of 
storing up to 1024 bits of data and comes in a 16-pin, 
cLai-inline package. One very important feature of 
this chip is its TRI-STATE™ outputs, which allow 
any number of 2102s to be paralleled as long as only 
one memory is enabled at a time. The logic state of 
pin 13 determines whether the chip is active. By 
switch selecting one — and only one — chip at a 


time, the total memory capacity can be increased to 
virtually any amount. 

construction 

Fig. 1 shows how simple this system actually is. In 
AG5G's case, five additional 2102s were added to the 
original memory for a total capacity of 6144 bits, a 
substantial increase. 

AG5G's method of constructing the memory is 
unique and bears serious consideration by those 
interested in this modification. The original 2102 (Q12 
on the Autek schematic) was removed and replaced 
with a 16-pin DIP header purchased from the local 
Radio Shack store (part 276-1980). A single 2102 was 
soldered to the exposed pins of the DIP header with 
the exception of pin 13 (the chip enable pin), which 
was bent out at a right angle. A second 2102 was 
then soldered directly to the first chip, piggyback 
style, again with the exception of pin 13. This proc¬ 
ess was continued until the last chip had been 
soldered to the stack. 

Be very careful not to allow one or more of the 
chips to be turned around during this part of the 

By William B. Jones, N9AKT, 7224 Lake- 
shore Drive, Racine, Wisconsin 53402 
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fig. 1. Expanded memory for the Autek MK 1 programmable keyer. 


assembly. Use a low-wattage soldering iron, and 
make every effort not to get the chips too hot. A 
piece of ribbon cable or individual wires are then 
soldered from pins 13 to the rotary switch (Radio 
Shack 275-1386) as shown in fig. 1. In addition, a 
100k resistor is soldered from each pin 13 to +5 Vdc, 
which disables the chip when not being used. Finally, 
a single wire is soldered from the common terminal 
of the rotary switch to pin 13 of the DIP header. 
AG5G says that there's more than enough space on 
the keyer front panel to mount the rotary switch. 

Although five of the six memory chips are always 
disabled, the information stored in them is not lost or 
altered in any way. Normal operation of the MK-1 is 
not changed by this modification. There are still four 
separate message areas per chip. Messages C and D 
may still be combined at will; it's just that now you 
can switch between any of the desired chips, each 
one operating independently of the others. 

power considerations 

Anyone contemplating this modification to the 
MK-1 keyer should be aware that the built-in power 
supply was designed to operate the keyer and one 
memory chip. The supply isn't capable of supplying 
the current that five more 2102s require. AG5G solved 
this problem by substituting a Radio Shack 2-amp 
transformer (part 273-1512) for the existing unit. He 
mounted the transformer on the inside of the cover 


and used small in-line cable connectors as discon¬ 
nects to facilitate separation of case and cover. 

In addition, he replaced the 1N5231B 5.1-volt 
zener and its 100-ohm current-limiting resistor (D15 
and R32 respectively) with a three-terminal, 5-volt 
regulator similar to the 7805 because he thought that 
the zener might not handle the additional current 
demands. The 7805 is also available at your local 
Radio Shack store and the cost is under two dollars. 
With minimal heat-sinking the regulator runs very 
cool, as it's required to supply less than 100 
mA when using six low-power versions of the 2102 
(2102-AL). 

comments from AG5G 

The cost of doubling the memory capacity of the 
unit by adding only one memory (2102-AL) chip and 
a mini SPDT toggle switch is less than $4.00. My 
experiments indicate that the memory capacity can 
be doubled within the present transformer capability 
by adding only one 2102-AL piggyback, following the 
procedure covered in this article, and using a mini 
SPDT toggle switch in place of the 6-position rotary 
switch. 

The cost of adding five 2102-AL chips, the 6-posi¬ 
tion switch, transformer, and voltage regulator 
(7805) with heatsink is less than $15.00. I used six 
2102-AL chips, replacing the higher-current 2102 
chip that was in the unit. 
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The time required for doubling the memory is less 
than one hour. It takes less than three hours to install 
the transformer, voltage regulator (7805), six chips, 
and switch. 

It's important to note, from my experiments and 
tests, that all memory functions and capabilities of 
the MK-1 are multiplied by the number of 2102-AL 
chips added without any impairment of the opera¬ 
tions of the unit, provided the voltage is regulated 
and current is amply supplied. 

In building my stack of six chips piggyback, I left 
about 1.5 mm (1/16 inch) between each chip as I 
added them vertically. (I don't think the space I left 
for cooling is necessary.) The transformer mounted 
easily, centered inside the top of the cabinet with 
ample space remaining to clear other parts when the 
top was replaced on the unit. With the unit's original 
transformer removed, there's some space available 
for mounting other items. 

After installing the transformer to meet the 
increased requirements for current, to ensure better 
voltage regulation I removed the output of the two 
diodes (D12 and D13) from the board, joined their 
output together as input to a 7812 voltage regulator, 
and wired the output of the 7812 to where I had 
removed the output of D12 and D13. (The trans¬ 
former that came in the unit could not handle the 
current requirements of the six 2102-AL chips but 
could meet the requirement for current for one addi¬ 
tional 2102-AL.) 

A 24-36 VCT transformer with 500-600 mA capac¬ 
ity will handle the requirements of the unit after add¬ 
ing six 2102-AL chips. The total (maximum) current 
requirements of the MK-1 as measured (after install¬ 
ing the transformer, 7812 and 7805 voltage regula¬ 
tors, and six 2102-AL chips) between the output of 
the 7812 and the load was 225 mA. 

I believe that, thanks to N9AKT's creativity, this 
has been the easiest, lowest cost, most beneficial 
and rewarding project I've built in the past forty 
years. It substantially increases the capability and 
versatility of the MK-1 and makes this already excel¬ 
lent piece of Amateur Radio equipment even more 
useful. 

closing notes 

The simplicity of this project definitely puts it in the 
"weekend" category. Both the casual operator and 
the contester should benefit from the added memory 
capacity this modification affords. It's expandable 
one step at a time, as desired, and, best of all, it 
won't strain the family budget. Try it and see how 
much easier operating can be with an expanded 
memory for the Autek MK-1 programmable keyer. 

ham radio 
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observations on 

the speed of light 


through the metric system 


A look at the phase velocity 
of EM waves in 
nonionized atmosphere 
and space 

Upsetting apple carts is not the way to treat the 
fruits of one's labor, and I'm becoming very disturbed 
with people who are trying to destroy my faith in the 
metric system of units. After all, why should I use an 
EM wave phase velocity of 186,363.6 miles per sec¬ 
ond when I can use a nice even 3.0 x 10 8 meters per 
second? 

background 

Some inconsiderate person came along and con¬ 
cluded that this phase velocity should be 186,300 
miles per second, which is about 2.998766 x 10 8 
meters per second. Upon further examination it was 
discovered that this wasn't right either. It was con¬ 
cluded that the phase velocity should be 186,287 
miles per second, which is about 2.998756 x 10 8 
meters per second. 

In 1953, Kraus got us back into the right (?) units. 1 
But he concluded that this phase velocity is 2.998 x 
10 8 meters per second, which is about 186,239.39 
miles per second. (Rounded off, it's 186,240 mps. 
Take your choice.) 

Then in 1962 Corson and Lorraine concluded that 
this phase velocity should be 2.9979 x 10 8 meters per 
second, 2 which is about 186,233.18 miles per sec¬ 
ond. It appears that they were either lazy or sloppy in 
their work, or else they were victims of round-off 
errors. 

In 1970, the ITT staff concluded that this phase 
velocity should be 2.99793 x 10 8 meters per second, 3 
which is about 186,235.05 miles per second, give or 
take a few mm. Then, less than a year ago, I saw 
somewhere that this phase velocity should be 
2.997925 x 10 8 meters per second, which is about 
186,234.73 miles per second. 

Now, authorities agree that this velocity should be 
2.99792456 x 10 8 meters per second, 4 which is about 
186,234.71 miles per second. 


In analyzing these data, I could conclude that the 
last twenty years of observations have shown that 
the EM wave phase velocity decreases at rate of 
about 

V(l ~ ) 0(l' . 284)T mlles/second/ y ear 

On this basis we would eventually arrive at an EM 
wave phase velocity of about 186,234.40 miles per 
second, or about 2.99791961 x 10 8 meters per sec¬ 
ond. Since neither of these figures are neat round 
numbers, I now wonder if those in EM-wave work 
should develop a new set of units, which are not 
related to a British King or the size of the earth. 
Meanwhile, if I want to stay with the MKS system of 
units on a current basis, the above observations sug¬ 
gest that I should reconcile my wishes and reality and 
round off the EM wave phase velocity to 2.99792 x 
10 8 meters per second. 

At the same time, I question the phase velocity of 
299,792,456 meters per second given by the "author¬ 
ities" cited in reference 4. First, what decimal frac¬ 
tional part was rounded off to the whole number of 
6? Second, is the EM wave velocity in space or is it 
near a mass — the same as that in ap atmosphere? I 
doubt it, and we'll have to be patient until better 
answers are forthcoming. 

Since these observations were noted, I've read 
somewhere that this phase velocity is now 186,000 
miles per second, or about 2.99338 x 10 8 meters per 
second. This is very disturbing because it suggests 
that we'll not be able to propagate EM waves at all by 
the 21,000th century, and everything propagated 
beforehand will be returning to us thereafter, 
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log-periodic antennas 
for the high-frequency 
Amateur bands 


Ensign data for 
two LP wire beams: 
one for 10, 15, and 20 meters, 
and one for 
future ham bands 
in the 10-30 MHz region 

In a recent article 1 W6PYK illustrated the design of 
a log periodic (LP) antenna covering the 10-, 15-, and 
20-meter Amateur bands using a simplified 
approach. The antenna design parameters were 
r = 0.875 (the taper factor) and a = 0.13 (the spac¬ 
ing factor). This design provides a ten-element LP 
with a boom length of 15.6 meters (51 feet) and a 
gain of 6.7 dB over a dipole. All element lengths and 
element spacing dimensions were provided for those 
wishing to build a good three-band fixed-wire beam 
with a fair amount of gain. 


measurement accuracy 

You'll note that W6PYK 1 rounds off the values for 
element lengths and spacing distances. Some 
authors describing LP-antenna designs for Amateurs 
often show these measurements with decimals to the 
fourth, fifth, or even sixth place! Probably many 
Amateurs have been discouraged after seeing this 
amount of measurement precision. No doubt some 
of this showmanship is to impress the reader that the 
author has access to a computer. But as Paul, 
W6PYK, says, "The LP is very forgiving of construc¬ 
tion and design tolerances." I've found this to be true 
in my LP antenna designs. 

Over the past eight years I've assembled and test¬ 
ed more than thirty high-frequency LP antennas for 
various frequency ranges and gains including mono¬ 
banders and two- and three-banders. Using a four- 
function calculator, lengths and spacings can be 
shown to four or five decimal places, but I always 
round off to no more than two places for ease in 
measuring, usually converting the measurements to 
feet and inches (meters and centimeters) for the low¬ 
er-frequency bands and certainly no closer than 6 
mm (0.25 inch) for the higher-frequency bands, 
which is plenty close. 

By George E. Smith, W4AEO, in collaboration 
with Paul A. Scholz, W6PYK. Mr. Smith's 
address is 1816 Brevard Place, Camden, South 
Carolina 29020. Mr. Scholz's address is 12731 
Jimeno Avenue, Granada Hills, California 91344 
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calculation example 


about cost 


Let's run through some LP design calculations 
using W6PYK's data (reference 1). We'll use his 
table 1 and antenna 3 (B = 2), with fourteen ele¬ 
ments and Z/X = 1-37. 


table 1. 14-element LP designed to r = 0.917 and a = 0.17. 
V A = 1.37; gain = SdBd. 

length spacing distance 


element meters (feet) 

1 10.0 (33.41 

2 9.4 (30.7) 

3 8.5 (28.0) 

4 7.9 (25.8) 

* 5 7.2 (23.6) 

6 6.6 (21.7) 

7 6.0 (19.9) 

8 5.6 (18.2) 

9 5.1 (16.7) 

10 4.7 (15.3) 

11 4.3 (14.01 

12 3.9 (12.91 

13 3.6 (11.8) 

14 3.3 (10.81 


meters (feet) 

51 3.7 (12.0) 

52 3.4 (11.0) 

53 3.0 (10.0) 

54 2.8 (9.2) 

55 2.6 (8.5) 

56 2.4 (7.81 

57 2.2 (7.1) 

58 2.0 (6.5) 

59 1.8 (6.0) 

510 1.6 (5.4) 

511 1.5 (5.0) 

512 1.4 (4.6) 

513 1.3 (4.2) 

total: 29.7 (97.3) 


Since we start with 14 MHz as our low-end cutoff 
frequency, f L , the free-space wavelength, X 0 , will 
equal 984/14 or 21.4 meters (70.3 feet). The boom 
length will be 29 meters (94.9 feet). If these dimen¬ 
sions aren't too large for the available space, we pro¬ 
ceed as follows: 

1. As our/£, = 14 MHz, the length of the El rear ele¬ 
ment will be 468/14 = 10 meters (33.4 feet). Under 
the t column of the table note that r = 0.917 and 
a = 0.17. These parameters determine the taper fac¬ 
tor, r, and spacing factor, o, for the remaining calcu¬ 
lations. 

2. Next we calculate the spacing distance between 
El and E2. SI = ox\ 0 = 0.17x70.3 = 11.96feet. 
Make it 3.7 meters (12 feet). 

3. Next we calculate the other element lengths, E2, 
E3 . . . En, where En is the nth element. From step 1 
El = 10 meters (33.4 feet). E2 = ElXr = 9.4 
meters (30.7feet). The remaining element lengths are 
calculated similarly. 

4. The remaining spacing distance, S2, S3 ... Sn are 
calculated thus: S2 = 57 Xr = 3.3 meters (11 feet). 

53 = S2Xr = 3 meters (10 feet) and so on for 

54 . . . Sn. 


Some hams with whom I've discussed LPs feel 
that the LP requires quite a bit of wire for the number 
of bands covered, especially one covering a 2:1 
(B = 2) frequency range (one octave). This is true 
for a large LP covering 80 and 40 or even 40 and 20 
meters; however, since an LP covering 14-29 MHz 
includes three bands (20, 15, and 10) you get more 
for the money. My antenna for these bands cost 
about $35.00 to $50.00 for wire, nylon line, and lucite 
insulators (coax, baluns, and towers not included). 
For these reasons I feel that LPs for 80 or 40 meters 
should be limited to a monoband LP (B = 1) since 
the range between 4.0 and 7.0 MHz or 7.3 and 14 
MHz isn't needed. 

The least expensive, or rather the most "cost 
effective," LPs built here have been those designed 
for 14-21.5 MHz (B = 1.5) for 20 and 15 meters only. 
The first LP put up here was a seven-element array 
with a boom length of 11 meters (37.5 feet). It was 
described in reference 2. 


table 2. 19-element LP designed 

l/\ = 1.97; gain = 8.9 dBd. 

element meters (feet) 

1 10.0 (33.4) 

2 9.6 (31.5) 

3 9.1 (29.7) 

4 8.5 (£0) 

5 8.1 (*) 

6 7.6 (24.9) 

7 7.2 <23.51 

8 6.8 (22.2) 

9 6.4 (20.9) 

10 6.0 (19.7) 

11 5.7 (18.6) 

12 5.3 (17.5) 

13 5.0 (16.5) 

14 4.8 (15.6) 

15 4.5 (14.7) 

16 4.2 (13.9) 

17 4.0 (13.1) 

18 3.7 (12.2) 

19 3.5 (11.6) 


to r = 0.943 and a - 0.175. 


spacing distance 
meters (feet) 

51 3.7 (12.3) 

52 3.5 (11.6) 

53 3.3 (10.9) 

54 3.1 .... (10.3) 

Sb 3:0 " (9.7) 

56 2.8 (9.2) 

57 2.7 (8.7) 

58 2.5 (8.2) 

59 , 2.3 (7.7) 

510 ' 2.2 (7.3) 

511 2.1 (6.8) 

512 2.0 (6.5) 

513 1.9 (6.1) 

514 1.7 (5.7) 

515 1.6 (5.4) 

516 1.5 (5.1) 

517 1.4 (4.8) 

518 1.3 (4.5) 

total: 43.0 (140.8) 


Fig. 1 is a drawing of the 14-29-MHz LP suggested 
by W6PYK for 20, 15, and 10 meters with an array 
length of 15.6 meters (51 feet). Note how the three 
cells for 20, 15, and 10 meters overlap in a fairly short 
(array length) LP. All elements are used (no waste of 
wire), as compared with an LP for 80 and 40 or 40 
and 20 meters. 


design aid 

For those who don't wish to compute an LP using 
W6PYK's easy design method, complete dimensions 
are given in tables 1 and 2 for two 14-29-MHz LPs 
for 20, 15, and 10 meters. 


a 10-30 MHz-LP for 
future Amateur bands 

An LP designed to cover 10-30 MHz may be of 
future interest, as W6PYK mentioned in his article. 1 
Hopefully, we'll be awarded the proposed ham 
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fig. 1. Ten-element 14-29-MHz log periodic antenna for 10, 
15, and 20 meters. Designed to r = 0,875 and b = 0,13. 
Gain = 6.7 dBd. Note how the three "cells'’ for 10, 16, and 
20 meters overlap — no waste of wire. 

bands: 10.1,18.1, and 25.25 MHz at the forthcoming 
WARC Geneva conference. An LP designed to cover 
the entire 10-30-MHz spectrum will then be usable on 
six bands: 10.1,14, 18.1, 21, 25.25and 28 MHz. 

As Paul states it would be difficult, and quite a 
mechanical challenge, to design a practical six-band 
rotatable Yagi similar to the present triband Yagis. 

Fig. 2 shows dimensions for a nine-element 
(B = 3) 10-30 MHz LP designed to r = 0.8 and 
a = 0.142, which gives an array length of 17.7 
meters (58 feet) and a 5.9-dBd gain. Although this is 
a moderate gain, it's probably about as good as some 
of the present tribanders and about as good as can 



fig. 2. Mine-element LP designed for 10-30 MHz, using 
r - 0.80 and b = 0.142. Gain = 5.9 dBd. This will cover 
future Amateur bands as proposed in the WARC conference 
in Geneva. 

be expected from an LP with such a short boom 
length. A big advantage is that gain and SWR are rel¬ 
atively constant over the entire range of 10-30 MHz. 
A further advantage is that it covers our present 14-, 
21-, and 28-MHz bands plus the proposed 10.1-, 
18.1-, and 25.5-MHz bands. 

references 

1. Paut A. Scholz, W6PYK, "Another Approach to Log-Periodic Antenna 
Design," ham radio, December, 1379, page 34. 

2. George E. Smith, W4AEO, "Log Periodic Beam for 15 and 20 Meters," 
ham radio, May, 1974, page 6. 
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communications 

audio processor 

for reception 


This article describes a system aimed at the special 
needs of Amateur Radio CW and voice signal recep¬ 
tion. It's called the Cornm Audio processor (CAP) 
and* uses a combination of special voice-frequency 
filters, binaural synthesis, Tone-Tag modulation, and 
controlled antiphasic noise. 

design considerations 

Much attention was given to aspects of human 
engineering, signal environment, and operation in 
the CAP design. For example, most ham receivers 
provide plenty of band spread and a high-quality, cal¬ 
ibrated tuning control, so selecting frequency in an 
add-on unit would be redundant. Accordingly, the 
CAP has been designed so that once everything is set 
up for a given voice or CW mode, most attention and 
operational control remains within your basic receiv¬ 
er. Aside from human engineering aspects, our very 
complex signal environment — both manmade and 
natural — contributed to the system design. In this 
respect the FCC's frequency allocation system heavi¬ 
ly influenced all of the hardware because, through 
their regulation, there are at least three major radio 
signal environments in the high frequency spectrum: 
First, clear-channel frequencies are available for 
many industrial, public-broadcast, and governmental 
activities. Second, there are channelized frequency 
blocks, such as CB and many commercial and gov¬ 
ernment allocations. Finally there is our type. We 
hams are required to fit our signals into frequency 
bands but aren't regimented into channels (so a few 
freedoms do remain!). 

Because we have freedom of choice on any fre¬ 
quency within an allocated band, we're able to get 
five to ten times more useful communications func¬ 
tions in the ham phone bands than can be obtained 
in FCC channelized allocations of equal bandwidth, 
and up to fifty times or more in the CW bands. Cer¬ 
tainly this signal density is such that QRM is one of 
the Q codes most popular; but the pressure has 
resulted, and will continue to result, in transmitter, 
receiver, antenna, and control design improvements. 
Clearly, our signal environment demands that we do 
not transmit on or receive unnecessary frequencies. 

In addition to the human engineering and signal 



environmental aspects, there is the belief on my part 
that most hams, particularly DXers, are interested in 
enhancing weak-signal reception when there are 
strong signals nearby. The key to this is retaining an 
awareness of the noise floor and maintaining linearity 
in the signal path throughout an entire receiving sys¬ 
tem. A strong signal will suppress a weak signal 
either through the use of age or by allowing com¬ 
pression of any stage. CAP was designed in consider¬ 
ation of these objectives. 

In the system shown in fig. 1," design effort has 
been directed toward an audio system for the Ama¬ 
teur brand of voice and CW communications. The 
unit contains the following key features, none of 
which are found to a refined degree in manufactured 
receivers: 

1. Voice-shaped filter — thirteen poles to improve 
signal-to-noise ratio and reduce QRM by rejecting a 
broad spectrum between the first and second voice 
formants. 

2. Binaural synthesis for both voice and CW. 

3. Tone-Tag — the system that distinctively modu¬ 
lates any signal tuned to 750 ±50 Hz, the binaural 
crossover frequency. 

4. Nine-pole, 100-Hz bandwidth, stagger-tuned fil¬ 
ter for super-steep skirts with a passive prefilter. 

5. A continuously adjustable pink (soft) noise 
source — the how and why of this is covered in 
detail. 


By Don E. Hildreth, W6NRW, Hildreth 
Engineering, P.O. ‘Box 60003, Sunnyvale, 
California 94088 
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fig. 1. Comm Audio Processor. 


Over the years many voice-manipulating systems 
have been proposed and developed, all aimed at 
making more effective use of the actual spectral dis¬ 
tribution in the human voice. Most recently Dr. 
Richard W. Harris and J. F. Cleveland developed an 
excellent technique. 1 In this system, the voice spec¬ 
trum is transformed following your transmitter's 
microphone output, as shown in fig. 2. The second 
and third voice formants (contained in the dashed 
area) are folded by a 3.1-kHz oscillator, mixer, and fil¬ 
ters, which results in a band between about 300 and 
1600 Hz for transmission. 

An inverse system, again using a 3.1-kHz oscilla¬ 
tor, mixer, and filters at the received audio end, un¬ 
folds (returns) second and third formants to their 
proper position (dashed). The amount of bandwidth 
actually involved is not reduced but merely rearranged. 

Although frequency tolerances will have to be 
tightened, this system can nearly double the effec¬ 
tive spectrum now used for voice-only, channelized 
communications. Since it can be applied to services 
such as CB, police, fire, and many other industrial, 
commercial, and governmental functions, frequency 
companding of this type could reduce the pressures 
to gobble up the ham bands. 


self-addressed, stamped envelope for a complete product listing to Hildreth 
Engineering, P.O. Box 6003, Sunnyvale, California 94088. Phone (408) 245- 


The Comm Audio Processor design is based on the 
reality that those working in ham frequency bands up 
to 28 MHz are involved in nonchannelized communi¬ 
cations, which is also heavily influenced by skip con¬ 
ditions. 

We play billiards with the ionosphere, which 
reduces the effectivity of a frequency compandor. If 
you can't tell, because of skip, where other stations 
may be, how do you know where to place your 
bundles of voice energy? 



fig. 2. Folded voice-spectrum on approximated energy dis¬ 
tribution. The Comm Audio Processor puts a filter response 
around the vowel and consonant energy (voice formant) 
bands with independent level adjustment. 
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fig. 3. Voice-shaped filter and sum amplifier. Composite bandwidths at 6-dB down are 1.5-2.S kHz and 300-400 Hz with seven 
poles and stagger tuning and six poles respectively. 


Fig. 3 shows CAP'S voice-shaped filter (VSF). In 
this case, it's not mandatory to roll transmitted voice 
energy off sharply above 2.5 kHz. It is desirable, 
however, because 2.5 kHz of bandwidth (or, more 
accurately, response from 1.5 to 2.5 kHz) will supply 
the basic needs for voice communications; the 
human voice does emit unnecessary energy to 10 
kHz or so. Even though this energy can be filtered at 
the receiving end by someone listening to you, this 
energy will appear as lower frequencies — thus unfil- 
terable — for other stations up to 8 or 9 kHz away. 
The design shown in fig. 3 can also be used in your 
microphone circuit. It would make other hams in our 
crowded bands very happy. 

binaural synthesizer 

To synthesize a binaural sound environment, the 
audio output passband from any receiver is divided 
(with reasonably sharp filters) into two parts. Fre¬ 
quencies below 750 Hz are fed to one speaker and 
frequencies above 750 Hz are fed to another. The 
speakers are located as you would place them for 
stereo listening. Speaker locations and their resulting 
stereo amplitude potentials are shown in fig. 4. A 
maximum differential of 7 dB (only slightly more than 
one S unit of signal strength) holds through most of 
a typical voice communications bandwidth from 
about 500 Hz to 3 kHz. 2 Below 500 Hz the human 
stereo potential diminishes; below 300 Hz it's gone. 

Since the 7-dB differential occurs because of the 


sound shadow" presented by your head, you may 
leap to the thought of a huge improvement by using 
stereo headsets. But wait. It won't happen. You can 
get a better amplitude differential with headsets, but 
that's not the whole story. Our brain processes a 
sound wave, or many, in terms of much more than 





fig. 4. Locating speakers for best binaural amplitude separa¬ 
tion. The maximum effective binaural differential based on 
intensity is obtained when speakers are located forward of, 
or behind, an imaginary line through your ears by about 30 
degrees. 
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fig. 5 (above). Binaural response. Solid lines show approx¬ 
imate 1-dB Chebychev response. Tone-Tag changes 
response to dashed lines 100 times/second. 

fig. 6 (below). 1-dB Chebychev four-pole lowpass and com¬ 
plementary highpass binaural synthesizer. Tone-Tag inser¬ 
tion provides composite amplitude and phase modulation. 


just relative amplitude. There are also time-of-arrival 
and phase variation phenomena. Headsets wipe 
these out in our system. When using speakers with 
the binaural synthesis method used here, sounds 
originate to the right or left in space, just as in nature. 
However, when a CW beat note is tuned to the 
crossover frequency of 750 Hz, the brain gets equal 
information in terms of amplitude and time-of-arrival 
from both left and right azimuths, resulting in the 
impression of "surround sound." Headsets work 
well, of course, but you just won't get the improve¬ 
ment you may expect. 

In the CAP, 1-dB Chebychev four-pole lowpass 
and complementary highpass filters are used, with a 
frequency crossover (equal energy from both sides) 
at 750 Hz. The voltage control voltage source (VCVS) 
active filter form enables the insertion of Tone-Tag 
modulation. Fig. 5 shows a representative response 
(solid lines). Tone-Tag modulation alternates the 
response' between the solid and dashed lines, but 
only as driven by a signal tuned to 750 ±50 Hz 
through a 9-pole filter and at a nominal 100-Hz rate. 
Fig. 6 is a complete schematic. 

In the first article describing a binaural synthesizer 
for CW reception 3 a simple cascade of 2-pole filters 
was used. To improve the crossover slope without 
adding more poles and to improve Tone-Tag inser- 





74 Q9 january 1980 




fig. 7. Tone-Tag modulator. Resistor marked with an asterisk at U2D — input is adjusted for minimum tone output from the 
binaural lowpass when at least 100 mW of 750 Hz signal is at the input above and the signal input line of the binaural section is 
grounded to signal ground (V/2). Resistor nominal value is 57k. 


tion, the design has been changed to the Chebychev 
type. (Burr-Brown 4 supplies an excellent set of tables 
for Butterworth, Bessel, and Chebychev designs.) 
To improve antiphasic response enabled by the 
binaural system, the low- and high-pass systems are 
adjusted to be about 4-6 dB down at the 750-Hz 
crossover frequency. 

Tone-Tag 

The Tone-Tag system first used (model 1100) was 
based on simplicity.5 Now, however, refinement has 
set in. Our model 1500 changed the modulator from 
diodes to a balanced bipolar technique to improve 
weak-signal performance in a noisy background. 
And CAP adds still further, although minor, improve¬ 
ment. Fig. 7 shows the heart of our current Tone- 
Tag modulator design. 

The absolute value (AV) circuit — also called a pre¬ 
cision rectifier — transforms any incoming signal to a 
750 ±50 Hz rectified, unfiltered positive output with 
a gain of ten. When no signal is present, positive 


excursions of a nominal 100-Hz oscillator are 
clamped to a nominal +0.5 volt by a diode-connect¬ 
ed transistor working against the low-impedance 
zero output of the AV op-amp. A second diode-con¬ 
nected transistor, turned around, subtracts most of 
the +0.5 volt signal and rejects the negative half 
cycles of the 100-Hz oscillator signal. When an input 
signal appears, positive excursions appear at the AV 
output, and the diode-connected transistor releases 
its clamp on the 100-Hz oscillator, which results in 
the waveforms shown. 

Since more current normally flows in the first 
diode than in the second, the second diode voltage 
doesn't quite offset that of the first. The resistor from 
- of U2B to + V provides a small compensating off¬ 
set at the U2B output, resulting in a near zero voltage 
at U2C input. 

When no 750-Hz signal is present, U2C provides a 
nominal gain and a small offset, which sets the mod¬ 
ulator transistors to near conduction. U2D inverts 
U2C output to provide a balanced drive to the com- 
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fig. 8. Nine-pole. 100-Hz bandwidth stagger-tuned, 7S0-Hz filter. Passive prefilter provides pole at 760 Hz with phase-corrective 
element. 


plementary modulator transistor switches. This 
action is precisely set with the padding resistor marked 
with an asterisk in fig. 7. Resistor-buffered switch 
outputs are fed to the binaural synthesizer (fig. 6). 

9-pole narrowband filter 

A narrowband filter centered at 750 Hz, the binau¬ 
ral crossover frequency, is required to drive the 
Tone-Tag AV input circuit. Since a filter of this type 
is popular in its own right, a very steep-skirted, stag¬ 
ger-tuned device was used. A passive prefilter is 
used in addition to quality RC4136 op-amps to miti¬ 
gate the effects of transient intermodulation distor¬ 
tion that may be induced by impulse noise or transi¬ 
ents (key clicks). The design also minimizes small- 
signal compression by strong nearby signals acting 
on the first, and most susceptible, filter stage. The 
composite is the 9-pole filter shown in fig. 8. 

good noise — bad noise 

White noise or pink noise (shaped) is often added 
to communications circuits to mask distracting forms 
of low-level interference. In most of its applications, 
this form of noise is soft and fluffy, even pleasant. 
Pink noise generators are even found in such diverse 
applications as sleep aids and pain suppressors for 
some dental operations. When properly used, this is 
"good" noise. 

Then there's that other kind, the abrasive, or 
"bad," noise that ranges between 10and 40 dB thick 
depending on frequency, time of day or year, and 
your location^ (fig. 9). This noise, available at your 
antenna terminals, is the sum of many sources. Add¬ 
ed to nature's atmospheric electrical disturbances. 


manmade electrical perturbations mix in to generate 
the din. Electrical circuits being made or broken 
create impulse-like radiation that chirps through the 
spectrum. Auto ignition, power leak . . . the list can 
go on and on. 

Thermal noise — and, to a large extent, galactic 
noise — can be thought of as a statistical average of 
a very large number of low-energy electrical pertur¬ 
bations. At the same time, manmade and atmos¬ 
pheric noise comes from a much smaller number of 
relatively high-energy events. When heard, these 
noise types influence our receivers and our nervous 
systems very differently. The sum of the two noise 



fig. 9. Receiver sensitivity is limited by the external available 
noise power, which varies with frequency. For a quiet, rural 
location, galactic noise is the limiting factor down to about 
18 MHz, and atmospheric noise dominates below 18 MHz. 
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types could be described as a foam mattress (thermal 
noise) perforated by a family of random spikes (im¬ 
pulse noise and signals). 

In practice, something approximating ''good” 
noise may be heard by simply removing the antenna 
from your receiver and listening with an audio band¬ 
width of 2-3 kHz or more. The other stuff is what you 
hear when your antenna is reconnected and you tune 
with high gain to a spot where no signals are present 
(it's assumed your receiver is not noise-figure limit¬ 
ed). Now, with antenna-received noise present, con¬ 
nect your receiver output to one of those ubiquitous 


attempt to get most of the benefits of a multipole 
narrow-band filter without listening "through" it. 
However to use Tone-Tag under high-sensitivity 
levels, coincidental to feeding the binaural synthe¬ 
sizer signal input port with the output of a narrow- 
band filter (not the original intent), I found that the 
filter tinkling sound along with the desired signal was 
modulated — thus boosted — by Tone-Tag. 
Although the level was not too high, it was objec¬ 
tionable. 

On a monaural basis I decided to try adding soft 
noise to mask those elements of noise that appear at 






multipole active audio filters. With the rf gain "up," 
you'll hear that tinkling roar that drives so many of us 
to look for a better solution, for, even though the lit¬ 
tle devices do a good job in some respects, they can't 
filter those noise components that sound like a signal 
itself. In addition, sporadic, impulse-like noise 
tweeks the filter to produce sounds approximating 
what you get if you rapidly strum the strings of a vio¬ 
lin while damping them with the other hand. It 
doesn't ring long, to be sure, but the sounds produced 
are much too like the code structures in a weak CW 
signal. 

listening experiments 

In the Tone-Tag system first published 5 , I made an 


a narrow-band filter output with the desired signal. 
The resulting signal sounded reasonably smooth; but 
weak signals suffered slightly under the noise load. 
The next step was to add the soft noise in-phase to 
binaural audio channels while the signal plus residual 
filter noise irritants were fed to the two channels in 
phase opposition, or approximately so. 

It's well known that copying a signal in noise with 
a binaural antiphasic noise combination has a 15-20 
dB advantage over the monaural case, 7 but the ques¬ 
tion was this: If a weak signal can be clearly heard 
when added to white noise in this way, will the sig¬ 
nal's filtered residual noise components be masked 
by the white noise? Results were much better than 
expected! 
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I've spent many hours listening to compare the 
readability of a weak signal with or without soft noise 
added. Clearly it's more pleasing to listen to a signal 
plus soft noise, and that was expected. But readabili¬ 
ty, in many cases, was improved, which was not 
expected to the degree I found. Actually, I'd hoped 
to minimize signal readability degradation with the 
addition of antiphasic binaural noise. It now appears 
that when a weak signal and abrasive (impulse) noise 
pass through a narrowband filter, noise elements are 
transformed into sounds that are so much like the 
signal's coded structure that they compete with it. 
The result is a less readable signal. But with noise 
added in the right way and amount, readability is 
actually improved. 

In no case during these listening tests could I 
detect signals with the white noise added that could 
not be detected without the added noise. As expect¬ 
ed there was no basic improvement in signal-to-noise 
ratio. But a signal could often be copied with the 
added noise where it could be heard but not copied 
when the noise was removed. To date I've found no 
case where the addition of soft noise has made a sig¬ 
nal less readable than without it. Clearly, of course, 
added noise has usually been at a level just necessary 
to mask the undesirable noise elements coming out 
of a narrowband filter. Happily, added noise benefits 
the critical application of the Tone-Tag referred to 
above as well! 

Since the existing binaural synthesizer already sup¬ 
plies the desired antiphasic* condition, summing in- 
phase noise at the power-amplifier input adds very 
little to the cost in the CAP design — and one more 
control knob. Fig. 10 shows the noise generator and 
how it's added at the junction of the binaural synthe¬ 
sizer and power amplifiers. Although most emphasis 
has been on the judicious addition of soft noise in 
CW reception, the feature can also be used to some 
advantage in the reception of voice signals. 

operating with CAP 

The main mode control switch enables the selec¬ 
tion of the shaped-voice filter, a nominal 2.5-kHz flat 
bandwidth for either voice or CW or three CW filter 
positions. Any selected mode is fed into the binaural 
synthesizer filters. Fig. 11 illustrates. Independent 
power output controls are provided for each binaural 
synthesizer channel, which allows compensation for 
different speaker or headset efficiencies or for special 
effects. The two remaining controls include Tone- 
Tag sensitivity and amplitude control for the soft- 
noise source. 

When the voice-shaped filter is selected, tuning 

usual case las in monaural reception) is called homosphasic. 


your SSB receiver will be easier — more like tuning 
an a-m signal than when the usual 2.5-kHz flat band¬ 
pass filter is used. When the frequency band from 
about 400-1500 Hz is deeply rejected, a slight-to- 
moderately mistuned station will not produce much 
output energy in this band, thus it more quickly dis¬ 
appears as you tune. In addition, under critical condi¬ 
tions often found on 14 MHz, for example, the binau¬ 
ral low-band from 300-400 Hz may be reduced to or 
near zero with the independent channel output con¬ 
trol. Under this condition, the 300-400 Hz low-band 
segment is still available at approximately 30 dB 
down in the high-band binaural channel along with 
its normal 1.5-2.5 kHz response. The noise band¬ 
width in this super-sharp condition is only about 1 
kHz. Clearly recognizable voice is available although 
it will be nearly devoid of character. Bringing up the 
binaural low-band control will progressively enable 
individual signal recognition. Some signal conditions 
allow boosting the low and reducing highs for 100-Hz 
bandwidth. One click on the mode control and you 
have the prevalent 2.5-kHz nominal, flat-voice band¬ 
width, but in binaural. 

The 2.5-kHz binaural position is also useful for CW 
in general listening. When Tone-Tag is used with this 
bandwidth, the modulation effect is mild because of 
competition with a relatively wide noise bandwidth. 
But it's still adequate to provide excellent selectivity 
through the significant tone quality difference rela¬ 
tive to other signals in the bandwidth. In addition, of 
course, signals not in the modulated pass-band 
appear on the right or left specifically, while the tagged 
signal is heard in "surround sound." 

On the next click of the mode control, everything 
in the 2.5-kHz bandwidth — except the 100-Hz band 
centered at 750 Hz — drops 20 dB. All basic condi¬ 
tions remain the same as above, but the Tone-Tag 
modulation is now more prevalent, and nontagged 
signals and noise drop a little more than 3 S units. If 
this isn't enough, the next position moves the floor 
down 40 dB — nearly 7 S units. 

Now, if you're listening to a signal at about S-5 or 
so and a signal of about the same strength appears at 
around 400 or 1100 Hz, for example, you are alerted 
to the fact that the signal is very strong - nearly 16 
dB over S-9 and probably suppressing your S-5 sig¬ 
nal at his keying rate (if the signal has key clicks, it 
will be placing energy in a wide band as well). This 
alerts you to roll back your i-f (often called rf) gain 
control to avoid probable compression in your receiv¬ 
er's final down-converter (product detector), assum¬ 
ing your first mixer is not also being overloaded. If 
overloading is present in the first mixer, insertion of 
some attenuation between it and your antenna is 
indicated as well. Actually, however, so much atten¬ 
tion has been given to the first mixer over the last 
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fig. 11. Frequency response. Responses A through C are fed 
through the response of D to become a binaural function. 


two decades that the problem has shifted to the fol¬ 
lowing converter(s) in our current receivers. Correc¬ 
tive action varies somewhat in many receiver 
designs, but the same general action is taken regard¬ 
less of whether you are using age or not. 

The last mode select position supplies the basic 9- 
pole narrowband filter output through the center of 
the binaural band with no added binaural floor. To 
make good use of this position usually requires that 
your receiver have a super-good dynamic range, at 
least through its product detector. 

Tone-Tag may be used or not as you choose in any 
of the CW modes. In general use, its sensitivity con¬ 
trol is advanced to a point of a few degrees above 
where a given signal is modulated when tuned to the 
750-Hz frequency. If no signal is present, increase 
Tone-Tag sensitivity until background noise is modu¬ 
lated, then back down until the modulated noise is 


just barely noticed. The best level is also dependent 
on your receiver audio-output level. Therefore it's 
possible, after a little experimentation, to generally 
set the Tone-Tag control on CAP then adjust your 
receiver gain to the tag level for any signal being 
received. Tone-Tag's modulator switching uses a 
nonabrupt design to avoid critical operation and to 
mitigate the effect of fade generally present on DX 
signals. In most cases Tone-Tag will make solid 
those ghostly multi-hop DX signals. 

Finally there's the noise control. At the beginning 
you may nearly wear out this pot. Since the idea of 
adding noise seems so contradictory, you may con¬ 
stantly test the effect by repeatedly running the noise 
level up and down when listening to a weak signal. In 
general, however, a good starting point is found by 
increasing the soft noise to a point where it's just 
barely noticeable when the mode control is in the 
general 2.5-kHz position. The control is left there for 
all modes. You'll note that the added soft noise pow¬ 
er is fixed relative to your receiver gain setting. 
Through this feature you may vary the ratio of added 
soft noise to relatively abrasive antenna-derived 
noise by receiver gain variations. 

The binaural function provides a spatial sound en¬ 
vironment in all modes without the need for adjust¬ 
ment. In addition, however, with proper physical ar¬ 
rangement and some practice, it can also serve as a 
tuning aid. For example, in using CAP with a Ken¬ 
wood TS820S the low-band speaker or headset is 
placed on the right and the high-band device on the 
left. In this way, if a signal is heard on the left you 
know that tuning to the right (clockwise) will move 
the signal in that direction spatially. This is true with 
the TS820S because its conversion scheme results in 
an audio tone that moves from high to low as you 
turn the knob clockwise. Other receivers will be like 
this or exactly the reverse. The same may be true 
when going from band to band (SSB filtering for both 
voice and CW is assumed). The same tuning direc¬ 
tional benefits are also present for SSB voice, 
although the action is more subtle. 
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DIGITAL TECHNIQUES 


digital techniques: 
gate arrays for control 


Digital-circuit control sometimes requires a specif¬ 
ic set of states. Phase-locked-loop (PLL) frequency- 
control input is such a condition; the requirement is 
to translate decimal control to some form of binary 
output. The example here is control of a "channel¬ 
ized" 10-meter transceiver using a National Semicon¬ 
ductor MM55106 synthesizer package. 1 

Fig. 1 shows the analog frequency control with 
PLL frequency input switching. Tuning is in 5-kHz 
increments over the band; no shift between transmit 
and receive. The receiver i-f circuit is assumed to 
have a 9-MHz crystal filter. This could possibly be a 
reworked CB set; the 55106 PLL is designed for such 
applications. 

Both VCO outputs are mixed with one crystal-oscil¬ 
lator output to yield frequencies below the 3-MHz 
maximum of the 55106. Schmitt trigger NAND gates 
select the mixed VCO outputs, and filter levels are 
assumed high enough to cross the Schmitt 
thresholds. 

division control 

The PLL allows 5- or 10-kHz increments (hardwired 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 


for 5 kHz), with range controlled by programmable 
divider inputs in binary. Decimal division is obtained 
by dividing the mixed frequency by five. The range is 
152-492 transmit; 168-508 receive, with each con¬ 
verted to binary and applied to the PLL divider input 
control. 

Manual control is through four BCD-coded thumb¬ 
wheel switches. The 10- and 100-kHz increment 
switches are standard. The 5-kHz switch is 
mechanically locked so that it will switch between 
only 0 and 5; the 0 position may be either 4 or 6 with 
a decal cover. The 8/9-MHz switch is locked 
mechanically to those two positions. The 20-MHz 
position may be assumed, or a dummy switch may 
be used for appearance. 

The MM55106 has nine binary divider control lines. 
P0 is the least-significant bit, P8 the most significant 
bit. The LSB controls 5-kHz increments, PI controls 
10-kHz increments; P2 controls 20-kHz increments, 
and so on. The task is now to translate four decimal 
digits to one large binary word, including the 
frequency difference between transmit and receive. 

Fig. 2 shows the switch interface for either TTL or 
CMOS. The switch is conventional BCD with a single 
common, so that the inverters change a low ON 
(grounded) output to a high state. Pull-up resistors 
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fig. 1. Channelized 10-meter transceiver analog frequency 
control. 


are required, and inverted BCD data is taken from 
inverter inputs. The 5-kHz and 8/9-MHz switches use 
only the A switch contact. 

translation through addition 

TTL packages are available that convert BCD to 
binary (Tl SN74184), but an offset must be provided 
because the lowest frequency is not zero. The 
scheme here is to use binary addition for translation 
with standard packages in TTL or CMOS. 

Fig. 3 shows a truth table and schematic for a full 
adder. A full adder has three inputs. A half adder has 
only two, using gates G1 and G2 only. Both adders 
provide a sum and carry out. 

Note the Exclusive-OR gates (not mentioned since 
part one of this series). 2 The truth table shows that 
inputs A and B are exclusive relative to the sum, and 
the sum is exclusive with carry in. Two Exclusive-ORs 
in cascade provide a full sum. Carry out is always 
generated with both A and B high. The full adder has 
a carry out with AB or AB and a carry in. 

Single-bit addition is quite simple. A sum occurs 
with odd numbers of high inputs. Carry out occurs 
with two or three inputs high. Note that carry in can 


be treated as just another input. Four-bit binary 
adder packages are available. A single carry in to the 
LSB and a single carry out from the MSB is external, 
with other carries internal. Several packages have 
high-speed, "carry look ahead" connections for fast 
arithmetic but aren't required here. 

Table 1 shows the required binary states from 
each selector for addition translation. An interim bit 
nomenclature is used with A as LSB, H as MSB. The 
5-kHz K line is neglected for the moment. 

translation in detail 

The 10-kHz column of table 1 is the same as the 
conventional BCD switch output in fig. 2. The 100- 
kHz column looks more complex, but note that 100 
kHz is the next binary state up from 90 kHz: 1010. 
Two-hundred kHz is binary 10100, or the same as 
100-kHz-state with a left-shift. Shifting a binary num¬ 
ber to the left is the same as multiplying it by two. 

This multiplication with a left-shift allows you to 
set up an addition of four 100-kHz selector lines to 
create the six-bit states shown. Some scratchpad 
work with binary addition will show how the states 
have been achieved. 

The megahertz selector has only two positions. To 
simplify circuitry, the 8 has been assumed 0 and the 9 
assumed 1. A selection of 28.000 would appear to be 


table 1. Binary states and addition of selectors. 


10 kHz 

position D C B A 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 10 0 

5 0 10 1 

6 0 110 

7 0 111 

8 10 0 0 

9 10 0 1 


position H G F 

28 receive 0 1 0 

29 receive 1 0 1 

28 transmit 0 1 0 

29 transmit 1 0 1 


100 kHz 5 kHz 

GFEDCBA K 

0000000 0 

o o o i o r o 
0 0 10 10 0 
0 0 11110 
0 1 0 1 0 0 0 0 

0 110 0 10 1 

0 11110 0 0 

1 0 0 0 1 1 0 
1 0 1 0 0 0 0 
10 110 10 


1 MHz 

E D C B A 

1 0 1 0 0 (84) 

1 1 0 0 0 (184) 

01100 (76) 

1 0 0 0 0 (176) 
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fig. 2. BCD thumbwheel switch interface. 


all zeroes, but this won't work. The minimum fre¬ 
quency selected must start with 152 for transmit, 168 
for receive; shifting up one megahertz requires 
adding 200 to each selector. All four-state combina¬ 
tions can be provided with simple gating. 

The box with shaded areas in table 1 shows the 
bits from each control that will be added for the final 
division control state. (Note that bits K and A do not 
add with any others and go directly to the PLL syn¬ 
thesizer). 

If you've been paying attention to bit weights (part 
5 of this series), you'll notice that values are only half 
of that required. Including the 5-kHz K line as the 
LSB will shift everything left once, multiplying by 
two, and achieving the correct division number. 

hardware 

Fig. 4 shows the adder grouping and megahertz 
gating to create the final binary-control state. In this 
case, megahertz gating is quite simple. Examining 
table 1 you'll notice that bit Fjs the same as M 19- 
position), while bits C, G, and H are the same as M 
(8-position). Bit D is exclusive between M and T 
(high in transmit). Bit E is created by performing a 
NANO operation on M and T — it will be low only at 
28 transmit; high otherwise. All gates except Exclu- 
sive-ORsare NANDs. 

A half adder sums Cm and S2 from U2. This 
scheme avoids using an extra four-bit adder. Another 
package savings is to use the input arrangement for 
U1 and neglect its carry out. No combination of U1 
inputs will result in a carry out; examining all possible 
states from table 1 will bear this out. 

No adder is used for Hm and U3 carry out. Keeping 
selector controls within band limits holds the maxi¬ 
mum divider number to decimal 507 or binary 


111111011 for 29.695 MHz receive. No combination 
of inputs to the adders will yield simultaneous Hm 
and U3 carry, so an OR operation is performed on 
these two for the P8 MSB. If both were high, it would 
imply a carry into a tenth bit, which the 55106 cannot 
handle. 

Gates G15 through G20 provide a low state for all 
frequencies within the band. Sidebands are assumed 
to be 5 kHz maximum. An interface circuit must dis¬ 
able the transmitter when G20 is high. A high 
occurs at either 28.000 or 29.7 MHz and higher. 

G15 and its inverter performs an AND operation on 
the zero positions of both the 10- and 100-kHz selec¬ 
tors. G16 expands this action by performing an AND 
operation on G15 with K and M to complete a 28.000- 
MHz gate. Both could be a single 12-input NAND in 
TTL. 

The 100-kHz selector-7 position has an AND per¬ 
formed on it by G17. It does not require a D bit, 
because BCD states have D as a don't-care for posi¬ 
tions 4 through 7. Similarly, gating for positions 8 
and 9 co uld ignore the B and C bits. G18 ORs G17 
and Dioo to provide an output high at 700 kHz or 
higher. This outlet is ANDed with M (9 MHz) for the 
final high-frequency limit. 

design rules 

Design boils down to binary-state examination of 
all inputs versus outputs, keeping different package- 
function capabilities in mind. Intermediate states 
should be considered, as in the case of ignoring the 
U1 carry out. Different arrangements might be an ad¬ 
vantage. Table 2 provides a list of devices with equi¬ 
valent functions. 

As an example, four adders instead of three would 
eliminate G12, G13, G14, and two inverters. The sin¬ 
gle remaining Exclusive-OR, G10, could be replaced 
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table 2. Device equivalent-function part 
numbers. 

TTL CMOS 


hex inverter 7404 4069 

quad exclusive-OR 7486 4070 

quad 2-input NANO 7400 4011 

triple 3-input NANO 7410 4023 

dual 4-input NANO 7420 4012 

8-input NANO 7430 4068 

4-bit adder 7483 4008 

quad 2-input NANO 

Schmidt trigger 74132 4093 

BCD-to-decimal 


decoder 7442 MM74C42* 


•National Semiconductor part. 4028 


by two NANDs. Package count is the same, but some 
spares are available. 

Another alternative takes advantage of the offset 
difference of 16 between transmit and receive. This is 
the fifth highest binary bit. Four adders are used with 
direct M and M inputs plus an extra D bit input from 
T to add the difference in receive; G10 through G14 
are deleted. This case is possible only because all 


binary states C through H, for 28 and 29 transmit, are 
opposite. Only the transmit states are used, because 
adding 16 creates receive states. 

Certain cases may have the added control lines in a 
state higher than desired. Addition is still possible by 
using only those bits desired and the following ex¬ 
pression in decimal numbers: 

P+D-S = A 

where P = maximum binary control input plus one 
D = desired number for control input 
S = control switch number 
A = offset number to be added to all others 

An example has S = 400 with desired D to be 170 
and 9 binary lines. Nine binary bits yield 511 (2 9 -1), 
so P is 512. The offset to be added is 282 decimal, or 
100011010 binary. All carries beyond the 9th bit 
would be ignored. 

A 6- or 2-meter control needs four megahertz posi¬ 
tions. Only switch bits A and B are needed; see table 
1 for 0-3 and 4-7 positions. A BCD-to-decimal decod¬ 
er with active-low outputs could be used with its C 
bit input as the transmit/receive line. The decoder's 
eight outputs could then be ORed with NANDs for the 
necessary states. This package was originally de- 
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signed as a decimal indicator decoder but will work 
very well in this application. You might think a deci¬ 
mal switch would work best here. This is true for 
manual control, but automatic tuning from an up/ 
down counter array needs some form of decoding. 

another manual control 

Two rotary switches can be used in the 10-meter 
rig. One can be seventeen positions for 100-kHz in¬ 
crements of 28.0 to 29.6 MHz, while the other can be 
twenty positions for 5-kHz increments. Indicator 
dials with adjacent edges can display a continuous 
number at any position. 

Cam-actuated leaf or microswitches are the least 
troublesome. PC wafer-contact types are good but 
expensive. An alternative is a pair of 15-degree index 
rotary switches with stator contacts wired as in 
fig. 5. 

The dual-rotary circuit uses NAND-gate ORing to 
produce a high from grounded inputs. Pull-up resis¬ 
tors are required for all gate inputs. The 5-kHz selec¬ 
tor produces BCD states in A-\ through Di plus K for 
the LSB. The 100-kHz selector generates transmit 


states of decimal 76 to 236 (152 to 472 when left- 
shifted) in B2 through H2. 

ORed switch contacts feed two four-bit adders 
with overlap occurring only in bits B, C, and D. An E 
bit input would come from T, as in the other circuit, 
for the difference of 16 between transmit and 
receive. The second adder inputs for bits F, G, and H 
would be grounded. Band-edge protection is needed 
only at 28.000 MHz, because the high band-end is 
automatically controlled through the detent stop. 

Many different ways are available to make a com¬ 
plex control input. Regardless of function, all designs 
must consider the required output, desired input 
control, and various possibilities of control and pack¬ 
age functions. Binary-state examination is not only 
necessary, but will also provide a good basis for trou¬ 
bleshooting. 
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reducing interference in 
the TS-820/TS-820S 

The TS-820 modifies the audio re¬ 
sponse when switching from SSB to 
CW; the CW response is peaked at 
about 1000 Hz. This response is often 
useful in SSB reception as a way of 
reducing interference. 

The peaked response is obtained 
by grounding lead CWG of the audio 
board (pin 4 of AF1). The ground 
should be one of the audio grounds; 
MEG or pin 12 of IF4 is the one nor¬ 
mally used. 

Those with the TS-820 can use the 
DISPLAY HOLD switch for this pur¬ 
pose. For the TS-820S, the unused 
contact pair on this switch could be 
used; this would require turning on 
the HOLD control whenever the modi¬ 
fied response is desired for SSB, 
which is probably satisfactory. Alter¬ 
natively, an external switch can be 
used. 

R. P. Haviland, W4MB 

improved CW age for 
the Ten-Tec Omni-D 

Shortly after receiving a new Ten- 
Tec Omni-D transceiver, I noticed 
that the age time constant remained 
unchanged whether operating ssb 
or CW. 

Upon examination of the i-f age cir¬ 
cuit, it became apparent that adding 
a resistor in parallel with C22, on the 
i-f age circuit board, would decrease 
the recovery time. A value between 
100k and 1 meg will work fine de¬ 


pending on your CW age require¬ 
ments. I used a 220k resistor. 

Switching this resistor in, in the 
CW mode only, was accomplished by 
adding another wafer to the mode 
switch. The two wafers presently 
mounted on this switch are both 
double-pole six-position, with only 
four positions used. There's plenty of 
room on the mode switch shaft for 
the additional wafer, but you'll have 
to use 6-mm (1/4-inch) longer M3 
(4-40) round-head screws to mount 
it. I purchased the additional wafer, 
which is also double-pole six-posi¬ 
tion, directly from Ten-Tec, although 
there may be other sources I'm not 
aware of. 

I added the resistor from one of the 
stringers of the new wafer to ground 
on the front panel. I then soldered a 
piece of hookup wire between the 
high side of C22 on the i-f age board 
and the CW position on the new 
wafer. Be sure to use the same 
switch on this wafer; there are two, 
unless you purchased the single-pole 
type. 

According to Ten-Tec, this modifi¬ 
cation will not void your warranty. 

Don McDougall, W60A 

salvaging water- 
damaged coax cable 

The effectiveness of the shield 
braid on coaxial cables depends on 
the wires remaining bright and shiny 
so that the individual conductors re¬ 
main in constant contact with each 
other throughout the entire feedline 


length. When coaxial line becomes 
contaminated, through damage to 
the outer plastic jacket, improper 
sealing of line terminations — or, 
even worse — no sealing at all, water 
will enter the line and can eventually 
penetrate the full length through cap¬ 
illary attraction, the braid acting like a 
metal sponge. 

Such contamination renders the 
line unserviceable for rf applications, 
as the moisture soon corrodes the in¬ 
dividual braid wires, destroying the 
surface continuity necessary for ef¬ 
fective shielding. Characteristic line 
impedance changes, as the center di¬ 
electric becomes a combination of 
water, plastic, and corrosion. Rf 
losses increase drastically. 

If contamination isn't extensive, it 
may be possible to cut off the con¬ 
taminated portion to the point where 
the braid is again bright and shiny. 
This should be followed by at least a 
loss test: feeding a known power 
through the line and measuring the 
power delivered at the load. The re¬ 
sults can then be compared with pub¬ 
lished specifications for loss at a 
specific frequency. However, re¬ 
placement of the line and careful 
attention to sealing should be consid¬ 
ered. A simple line-loss test ignores 
many important factors. 

Although no longer serviceable for 
rf, water-damaged coaxial line, espe¬ 
cially heavier lines such as RG-8/U or 
RG-213/U, may find other applica¬ 
tions, especially for low-voltage, 
high-current dc. 

Military specification requirements 
for RG-8/U and RG-8A/U lines origi¬ 
nally required that the center conduc¬ 
tor be composed of seven strands of 
0.03-inch (0.76-mm) bare copper. 
This provided a twisted conductor of 
0.09-inch (2.3-mm), approximately 
equal to no. 12 (2.1-mm) solid copper 
in current-carrying characteristics. 
Braid specifications required 192 
strands of no. 33 (0.16-mm) bare cop¬ 
per wire, the combined circular mill 
area of which is only slightly smaller 
than a no. 10 (2.6-mm) solid copper 
wire. 
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Paralleling the center conductor 
and braid produces a single conduc¬ 
tor with a CM A of 15270 cm, larger 
than a no. 9 conductor and only 
slightly smaller than no. 8. RG-213/U 
cable used in this manner will have a 
CMA equivalent almost identical to 
no. 8 copper wire. 

Current-carrying capability of such 
cable will depend on many factors 
(such as ventilation), but it should 
carry at least 60-70 amps continuous¬ 
ly and much higher currents for short¬ 
er periods of time. This makes sal¬ 
vaged cable useful for heavy-current 
cable in mobile equipment or for use 
in grounding applications. 

For such applications soldering will 
be essential but will be complicated 
by the corrosion. Usually the corro¬ 
sion may be removed by dipping the 
exposed braid and center conductors 
in a chemical cleaner such as those 
for cleaning silverware and copper 
kitchen utensils. After dipping, wash 
the cleaned copper in water and it will 
solder easily. 

Add four heavy battery clamps to 
short lengths of salvaged coax and 
you can homebrew battery jumper 
cables for light-duty service. 

Many currently manufactured coax 
cables have much fewer wires in the 
braid, so before using salvaged coax 
check the braid closely. It may be 
necessary to derate its current-carry¬ 
ing capability if it doesn't provide 
approximately 95 per cent coverage. 

Robert Wheaton, W5XW 

measuring air pressure 
across transmitting 
tubes 

As Bill Orr notes (June, 1979, ham 
radio) inadequate cooling of air- cool¬ 
ed transmitting tubes may be danger¬ 
ous for their health. After long delib¬ 
eration I hit upon a convenient way to 
measure this air pressure. 

Remove the innards of a single¬ 
hole-mount BNC connector (UG- 
1094) and mount it at some conven¬ 
ient spot in the pressurized compart¬ 
ment. To measure air pressure, slip 


the end of a short length of 9.5-mm 
(3/8-inch) ID clear plastic tubing over 
the connector. Insert the other end 
into a glass of water to the point 
where air bubbles stop. Measure the 
length of tube in the water: this is the 
air drop. When finished, close off the 
opening with a male BNC cap, which 
can be removed any time. 

By the way, a convenient way to 
bring air to a chassis is through the 
flexible tubing, 64 mm (2-1/2 inches) 
in diameter, used on shop-type vac¬ 
uum cleaners. The tubing and end fit¬ 
tings, suitable for mounting on ple¬ 
num chambers and chassis, are avail¬ 
able as replacement parts. Shop-Vac 
2-1 /2-inch (64-mm) diameter flexible 
hose in 6-foot (1.8-meter) lengths is 
part number 1722, and their 2-1/2- 
inch (64-mm) flange ferrule fittings, 
which are easy to mount with stan¬ 
dard hardware, are part number 1714. 
A Y joint is available to direct air from 
one source to two chassis. 

One of the surprises in measuring 
air pressure was that the popular 
muffin fan develops an insignificant 
amount of air flow for the 4X250B. 

Guy Black, W4PSJ 

modifications to the 
Wilson Mark II and IV 

The Wilson Mark II and IV 2-meter 
handheld transceivers are fine units; 
they have excellent battery life and a 
very good receiver. For those with 
the early version, there have been 
some factory changes for which mod¬ 
ification kits can be obtained from 
Wilson, The kits are for the HI/LOW 
power switch located on the bottom 
of the unit and a battery-condition 
LED that blinks as batteries get weak. 
Both are good features. 

plug-in crystals 

One drawback of these transceiv¬ 
ers is that you must solder the crys¬ 
tals into the PC board. This presents 
problems in emergency situations 
and when traveling. It would be much 
better to open the case and quickly 
exchange at least a few channels. 


Crystals with a six-position switch 
make this unit easier to use in the 
dark or in an emergency — compared 
with those that use no crystals and 
take forever to dial up that needed 
frequency. In the dark it's just plain 
impossible! 

When investigating this quick- 
change in my Mark IV, I located a 
supply of some subminiature crystal 
jacks. These work very nicely. It takes 
longer to explain how to install them 
than to do the job. I installed three 
channels; most of the hams in the 
area installed all six channels. 

installation 

Open the unit and remove the crys¬ 
tals from the channels for which you 
wish to have plug-in capability. En¬ 
large the existing holes with a no. 48 
1.95-mm (0.076-inch) drill. These 
new holes will be slightly larger than 
needed, but we want a margin of 
freedom between hole and jack. Drill 
from the track side of the board to be 
sure not to disturb the copper track 
from the laminate. 

The best way to solder the modifi¬ 
cation jacks is to use a crystal with 
the jacks mounted on the pins. Insert 
the assembly into the enlarged holes. 
Solder the crystal assembly and pro¬ 
ceed with the next assembly. 

After installation some units 
seemed to require a little pressure 
when closing the case. This is 
because of the varying thickness of 
the rear case/battery compartment. 
In these units, I affixed a piece of 
white paper and a carbon to the rear 
case with the carbon toward the 
paper, so that when the case is 
closed the crystal jack ends will press 
onto the carbon and paper, marking 
the paper where there is contact. 
With the dots on the paper as a 
guide, use a 3-mm (1/8 inch) drill and 
remove a very slight amount of 
plastic from that point. Not much is 
required. This should allow you to 
reassemble the handheld. I've a sup¬ 
ply of subminiature crystal jacks at 
$0.15 each. 

Don Smith, W9EPT/AAM9EPT 
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products 


QSL organizer 


With today's more sophisticated 
rigs and less cluttered radio shacks, 
how do you keep QSL cards neatly 
organized, well preserved, dog-ear 
resistant, and always on beautiful 
display? 

A specially designed Organizer is 
now available from Mil Industries of 
Panorama City, California. The QSL 
Organizer contains heavy duty plastic 
pages with roomy 10 x 15 cm (4 x 6 
inch) slip-in pockets. Each page holds 
six QSLs (back to back), enhancing 
their appearance by its crystal clear 
clarity. The slip-in pockets allow 
cards to be arranged or rearranged 
quickly and easily. 

The QSL Organizer Album is spe¬ 
cially designed to hold the slip-in 
pocket pages. It's a beautiful three- 
ring binder, richly padded in long- 
lasting ''Brown-Hide'' vinyl, with 
gold-printed inscription on cover and 
spine. Pages are easily inserted or 
removed. 

The clear vinyl-pocketed pages are 
sold by Mil Industries at 47 cents 
each, with a 40 page minimum. The 



QSL Organizer Album is included free 
with every 40 pages ordered. Larger 
quantity prices are available on re¬ 
quest. The QSL Organizer comes 
with a full, money-back guarantee. 

QSL Organizers serve an important 
function in today's radio shack. They 
also make great gifts and great prizes 
for clubs and hamfests. They are 
available from Mil Industries, P.O. 
Box 44457, Panorama City, California 
91402. 


ISOPOLE antenna 



Advanced Electronic Applications, 
Inc., has developed the ISOPOLE,* a 
new, vertically polarized, omni-direc¬ 
tional, gain-type, base-station anten¬ 
na which provides performance supe¬ 
rior to that of any other low-cost 
antennas now in the marketplace. 
ISOPOLE's revolutionary double cone 
design results in virtual elimination of 
the major problem plaguing other 
base-driven vertical antennas, the in¬ 
advertent and unwanted coupling of 
rf currents onto the supporting struc- 

• ISOPOLE is a registered trade mark of AEA. 


ture and the shield of the feedline, se¬ 
riously degrading the radiation pat¬ 
terns of most antennas. On-the-air 
tests have shown a substantial signal 
improvement in favor of the ISOPOLE. 

The ISOPOLE's unique new design 
features a double-decoupled, center- 
driven, 1 'A -wavelength antenna to 
provide the theoretical maximum ob¬ 
tainable gain for a dipole. All rf con¬ 
nections are protected from the 
weather. The ISOPOLE is pre-tuned at 
the factory so that the user can ob¬ 
tain an 8-MHz bandwidth by follow¬ 
ing the simple assembly instructions. 
The ISOPOLE is intended for installa¬ 
tion atop the swaged end of a stan¬ 
dard TV mast (not supplied). The ISO¬ 
POLE has a net price of $49.95. Avail¬ 
able for 144 and 220 MHz. 

For further information, contact 
Advanced Electronic Applications, 
Inc., P.O. Box 2160, Lynnwood, 
Washington 08036; phone (206) 775- 
7373. 

new RCA MRO 
semiconductor 
replacement guide 

A new booklet listing most of the 
Semiconductor devices available for 
MRO (maintenance and repair opera¬ 
tions) of industrial and electronic 
equipment has been announced by 
RCA's Distributor and Special Prod¬ 
ucts Division, Deptford, New Jersey. 

The identical replacement transis¬ 
tors, and other solid-state devices 
listed in the booklet are available from 
distributors of RCA SK series. The 
MRO Industrial/Commercial Replace¬ 
ment Semiconductor Catalog/Data 
Booklet (1K5817) is available from 
RCA SK-Series distributors, or orders 
can be sent to SK Series Merchandis¬ 
ing, RCA Distributor and Special 
Products, P.O. Box 100, Deptford, 
New Jersey 08096, with check or 
money order for $1.00 per copy. 
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Radio Shack receiver 

Now available from Radio Shack is 
a new general-coverage communica¬ 
tions receiver that puts the world at 
your fingertips by letting you listen to 
shortwave radio broadcasts, as well 
as Amateur Radio operators, CBers, 
aircraft weather stations, maritime 
broadcasts, and more. 

Shortwave listening opens up a 
new world of entertainment for you, 
and it can be educational as well as 
entertaining. News programs from 
other countries provide the listener 
with different perspectives on world 
events, and it is possible to learn 
about the customs, culture, music, 
and languages of other nations 
through short-wave listening. 

The Realistic DX-300 general-cov¬ 
erage communications receiver fea¬ 
tures LED (light emitting diode) digital 
frequency display that makes it easy 
to tune to a specific frequency, or 
return to it whenever you wish. 

Quartz-synthesized circuitry pro¬ 
vides extremely stable, virtually drift- 
free reception as well as highly 
accurate tuning. A six-band preselec¬ 
tor with built-in six-element ceramic 
filter and a three-position audio¬ 
bandwidth control sharpens selectiv¬ 
ity and reduces signal interference. 

The receiver tunes from 10 kHz to 
30 MHz, and can receive a-m, upper 
and lower sideband, and CW (code). 
It operates from 120 Vac, 12 Vdc, or 
from eight self-contained "C" cells. A 
dial light/battery switch reduces bat¬ 
tery drain during portable operation, 
and also indicates battery condition 
on the Signal-Strength/Battery 
meter. 

Other features include a three-step 
rf attenuator to prevent overloading, 
rf gain control, built-in speaker, head¬ 
phone jack, and a key jack for the 
built-in code practice oscillator. The 
heavy-duty cabinet has a recessed 
carrying handle. 

The Realistic DX-300 general cov¬ 
erage communications receiver is 
priced at $379.95. It's available from 
participating Radio Shack stores and 
dealers nationwide. 


THERE ISA 


CRYSTALS 


For more than a quarter century, International Crystal Mfg. 
Co., Inc. has earned a reputation for design and capability in 
manufacturing and marketing precision electronic products. 

The market for International crystals is worldwide. With a full 
range of types and frequencies available, International is a 
major supplier to the commercial and industrial crystal market. 

International’s leadership in crystal design and production is 
synonymous with quality quartz crystals from 70 KHz to 160 
MHz. Accurately controlled calibration and a long list of tests 
are made on the finished crystal prior to shipment. 

That is why we guarantee International crystals against 
defects, material and workmanship for an unlimited time when 
used in equipment for which they were specifically made. 

Orders may be placed by Phone: 405/236-3741 • TELEX: 
747-147 • CABLE: Incrystal • TWX: 910-831-3177 • Mail: 
International Crystal Mfg. Co., Inc., 10 North Lee, Oklahoma 
City, Oklahoma 73102. 

Write for information. 
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Full range ol adjustment in 
tension and contact spacing. 
Sell-adjusting nylon and steel 
needle bearings. 

Solid silver contact points. 

• Polished lucite paddles. 

• Precision-machined, chrome 
plated brass frames. 

• Standard model has black, 
textured finish base; deluxe 
model is chrome plated. 

• Heavy steel base; non-skid feet. 

Available at selected dealers or 
send $39.95 ($49.95 for chrome 
model) plus $2.00 shipping and 
handling. Overseas amateurs 
invited lo request quotation for air 
parcei post shipment. 


Repeater Jammers Running You Ragged? 


Here's a portable direction finder 
that REALLY works-on AM, 

FM, pulsed signals and random 
noise! Unique left-right DF 
allows you to take accurate (up 
to 2*) and fast bearings, even on 
short bursts. Its 3dB antenna 
gain and ,06 /jV typical DF sen¬ 
sitivity allow this crystal- 
controlled unit to hear and posi¬ 
tively track a weak signal at very 
long ranges-while the built-in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit¬ 
ter. It has no 180” ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The DF is battery-powered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. It is available in the 140-150 MHz VHF band and/or 
220 230 MHz UHF band. This DF has been successful in locating malicious inter¬ 
ference sources, as well as hidden transmitters in "T hunts", ELTs. and noise sources 
in RFI situations. 

Price for the single band unit is $195. lor the VHF/UHF dual band unit is $235. plus 
crystals. Write or call for mlormation and Iree brochure. 

L TRONICS 

5546 Cathedral Oaks Road 

W6GUX (Attention Ham Dept.) WD6ESW 

Santa Barbara. CA 9311 1 



transceiver protector 

Expensive transceivers are prone to 
damage by unsafe input voltages 
when the line-operated power-supply 
regulator fails. "Crowbar" by K20M 
is designed to sense the harmful over¬ 
voltage and short circuit the dc 
power-input lines to ground. 

When used to protect a transceiver 
at 13.8 volts, Crowbar will trip and 
short circuit at a preset level of 15.5 
volts, blowing the line fuse. 

Trip levels can be adjusted from 6 
to 30 volts by a control provided on 
the printed-circuit-board assembly. 
Two flexible color-coded connection 
wires tie into the user's equipment. 
Mounting hardware is supplied. An 
assembly and installation booklet 
comes with the unit. 

Manufactured by Daltec Systems 
Incorporated, "Crowbar" is available 
from stock, assembled and tested 
(Model CA630A), for $15.00. Dealers 
contact Unadilla/Reyco Div. of 
Microwave Filter Co., 6743 Kinne St., 
E. Syracuse, New York 13057. Indi¬ 
viduals write Daltec Systems, Inc., 
P.O. Box 157R, Onandaga Branch, 
Syracuse, New York 13215. 

new MFJ catalog 

The new MFJ Amateur Radio Cat¬ 
alog for 1980 is available free from 
MFJ Enterprises, Inc., the nation's 
leading manufacturer of Amateur 
Radio accessories. 

The products included are antenna 
tuners (from 200 watts to 3 kW); SSB 
and CW filters (from $29.95 to 
$79.95); memory keyers (3 models, 
$79.95 to $139.95); electronic keyers 
(from $39.95 to $69.95); speech proc¬ 
essors, rf noise bridge, frequency 
standard, code practice oscillator, 
and QRP transmitter. 

This new catalog has 12 pages of 
photographs, descriptions, specifica¬ 
tions, and prices of Amateur Radio 
accessories manufactured by MFJ 
Enterprises, Inc. 

The catalog is free, and available 
by writing to MFJ Enterprises, Inc., 
P.O. Box 494, Mississippi State, Mis- 
I sissippi 39762. 
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it’s the ^ 

ONLY BOOK! 

US or DX Listings 


books 

NOW READY! 


Here Ihey are! The latest editions. World- 
famous Radio Amateur Callbacks, the most 
respected and complete listing ol radio 
amateurs Lists calls, license classes, ad¬ 
dress information. Loaded with special 
features such as call changes, prefixes of the 
world, standard time charts, world-wide QSL 
bureaus and more. The new 1980 Radio 
Amateur Callbooks are available now. The 
U.S. Edition features over 400.000 listings, 
over 120,000 changes from last year. The 
Foreign Edition, over 315,000 listings, over 
90,000 call changes. Place your order now. 


on the Blue Ridge 

"A Vacation wit 

h a Purpose” 

Two weeks saturatior 

i learning program 

in Amateur Radio: 


• Novice to General 


• General or 'Technician to Advanced 

• Advanced to Amat 

:eur Extra 

Expert Instruction sta 

rting at your level. 

Code and Theory in 

depth along with 

Friendly Amateurs, 
You. 

Who Care Alxmt 

C. L, PETERS. K4DNJ. Director 
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callbook inc. 
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Lake Bluff. IL 60044 
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test'starts ^lOOUTc'janua^y^m and'con'lin'ueslo 0400 
UTC January 28lh. Exchange name, RST, stale/province/ 


country, receiver and Iran 
esttng Information. CW c. 
EXCHANGE. Frequencies: 


incies: CW, up 60 kHz Irom low edge: 
14280, 21380, 28580; Novice/Tech: 
>8120 kHz, The object is lo restore, 
older type radio equipment built 
■younger" than ten years ot age. Full 


GET RID OF YOUR WINTER DOLDRUMS! Attend Wheat¬ 
on Hamfest Portable Nino sponsored by tho Wheaton 
Community Radio Amateurs Club on Sunday. January 
27.1980, at the Arlington Park EXPO Center at the Arling¬ 
ton Heights Race Track, Arlington Heights. IL 300 tree 
(lea market tables will be available; 100 commercial 
booths (tor booth Inlo call WB9TTE 312/766-1684). Acres 
ol clear paved parking (the EXPO center has Its own 
snow removal equipment!!) Hourly door prizes! Tickets 


THE RICHMOND FROSTFEST III, sponsored by the 
Richmond Amateur Telecommunications Society will be 
held Sunday, January 13, 1980, at the Bon Air Communi¬ 
ty Center. Homebrew contest with lour awards, Most 
Original Idea, Best Electrical Work, Best Mechanical 
Work and Most Deserving Work. Prizes. FCC Exams start 
at 10 AM and completed forms 610 must be received In 
the Norfolk Office of the FCC at 870 North Military 
Highway, Bank ol Virginia Bldg., Norfolk, Va. 23502 no 
later than January 9th. Admission is $3.00, indoor Flea 


later than January 9th. Admission is $3.00, indoor Flea 
Market tables $3.00, taflgaiers $2.00. Talk-In 28/88 and 
34/94. Richmond Amateur Telecommunications Society. 
P.O. Box 1070, Richmond, Virginia 23208. 

JANUARY 19, 1980, Sharon, Pa. Gel rid of your post- 
Christmas blues! Attend the Third Annual Mercer County 
Amateur Radio Club Seminar to be held at the Holiday 
Inn of West Middlesex. Pa. off 1-80. 9:00 a.m. to 5:00 p.m 


can work olher in state stations. Exchange RS(T) and 

country for others. Frequencies: CW - 3550,3710, 7050, 
7110. 14050, 21050, 21110, 28050 and28110kHz;PHONE 


DSL EXCHANGE CONTEST RULES: Contest period la 
Irom 0000 UTC January 5, 1980, (1900 EST January 4) to 
2359 UTC January 8(1859 EST January 5). All modes. Ex¬ 
change ol call signs and signal reports, accompanied by 
the statement "I have completed your QSL card" (or QSL 



SIGNAL 

GENERATORS 

RECONDITIONED 
AND LAB CALIBRATED 


AN/URM-25, 10 KHZ THRU 50 MHZ, AM/CW 
MODULATION 400 & 1 KHZ. RF OUTPUT 0-2V 
OR 0-.1V PRECISION 50 OHM STOP ATTENU¬ 
ATOR . $285.00 

TS-497/URR, 10 KHZ THRU 50 MHZ. 
AM/CW 0-100,000 MV, 2 THRU 400 MHZ, 
MILITARY VERSION OF MEASUREMENTS 

MODEL 80 . 225.00 

TS-510A/U RANGE 10 MHZ THRU 420 MHZ 
OUTPUT VOLTAGE ,5V TO IV. MODULATION 
400, 1000 HZ BUILT-IN CALIBRATOR, AM, 

CW PULSE. 385.00 

SG-12/U, RANGE 20 MHZ THRU 100 MHZ IN 
5 RANGES, BUILT-IN FM MODULATION, CAL¬ 
IBRATED OUTPUT METER AND DEVIATION, 

CRYSTAL MARKERS.185.00 

SG-3/U RANGE 50 THRU 400 MHZ IN 3 
BANDS, RF OUTPUT .IV, VARIABLE 50 OHM 
ATTENUATOR. FM DEVIATION 0-150 KHZ IN 

3 RANGES. 385.00 

SG-24/TRM-3 SWEEP SIGNAL GENERATOR. 
RANGE 15 THRU 400 MHZ, FM, AM, CW 
OUTPUT, FM DEVIATION, BUILT-IN OSCILLO¬ 
SCOPES FOR OBSERVING WAVEFORMS, 

CRYSTAL MARKERS. 265.00 

MILITARY SG-13/U V0R/ILS. RANGE 
108-135.9 MHZ and 329.3 TO 335 MHZ OUT¬ 
PUT SIGNALS INCLUDE V0R. L0C, GLIDE- 
SLOPE AND 1000 CPS. OPERATES FROM 
115V., 60 HZ. GENERATOR SAME AS COL¬ 
LINS 479T-2. 245 00 

TS-621/URM-52 RANGE 3.8 THRU 7 GHZ, 
SAME AS HP618B. CW, PULSE. FM. SQUARE 

WAVE. 285.00 

TS-403/URM-61 RANGE 1800 THRU 4000 
MHZ, FM. CW. PULSE, SQUARE WAVE, 
MILITARY VERSION OF HP616A . . .. 285.00 
TS-418/URM-49, RANGE 400 THRU 1000 

MHZ, AM, CW OR PULSE.145.00 

TS-419/URM-64, RANGE 900 THRU 2100 

MHZ, CW0R PULSE EMISSION.165.00 

SG-66/ARM-5, V0R GENERATOR RANGE 108 
THRU 132 MHZ, MILITARY VERSION ARC 

H-14A. 285.00 

SATISFACTION GUARANTEED OR MONEY 
REFUNDED. SEND CHECK. M. C. OR VISA. 
FOB OTTO, N. C„ PHONE BILL SLEP (704) 
524-7519. 
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a second look 

by Jim Fisk 


The 1979 World Administrative Radio Conference (WARC) concluded just as the January issue was 
going to press, so I was unable to comment editorially on our good fortune in Geneva. It's no secret that 
I've been cautiously optimistic about WARC for some time, and as I predicted almost a year ago, Amateur 
Radio remains in possession of the same high-frequency spectrum as we've had for the past several 
decades; three new HF bands are our bonus for the 1980s. The international Amateur Radio community 
went to WARC very well prepared, thanks to long years of behind-the-scenes work by the International 
Amateur Radio Union (IARU), the various national societies, and dozens of Amateur Radio volunteers — 
these are the same people who remained optimistic about WARC throughout the long years of preparation. 
The Wizard of Woe, who expected WARC to be a complete disaster and forecast the end of Amateur 
Radio in the 1980s, was last seen skipping off to the Land of Oz with one foot in his mouth. 

I first became aware of plans to pursue new ham bands at 10, 18, and 24 MHz more than five years ago, 
but quite frankly I considered the possibility of any new high-frequency spectrum as more pipe dream than 
reality. When W1RU announced the new bands at the Dayton Hamfest in 1974, I think most amateurs 
thought the pressure for new bands was a ploy to maintain the status quo ; you know the old game: ask for 
more than you want so you can keep what you already got. Apparently the movers and doers of Amateur 
Radio who started preparing for WARC in the mid 1970s thought otherwise. 

A. Prose Walker, W4BW, Chief of the FCC's Amateur and Citizens Division in those years was in¬ 
strumental in arranging for the propagation studies that were conducted to show how long-distance 
Amateur communications links would be greatly enhanced and made more reliable with new allocations at 
10, 18, and 24 MHz; Prose deserves a great deal of praise — and thanks — for getting the WARC prepara¬ 
tions underway at such an early date. Without his foresight and experience I don't think Amateur Radio 
would have survived WARC in such good shape. Amateur Radio is also indebted to the dozens of 
dedicated volunteers who served on the FCC's Amateur Radio Advisory Committees, often at great per¬ 
sonal expense, and to the ARRL and IARU staffers who convinced other national societies to get their 
WARC preparations underway early and then coordinated those activities. 

What about those new bands? What are their propagation characteristics? How soon can we expect to 
have them available for Amateur Radio use? To answer the last question first, it will be quite awhile before 
you begin hearing ham signals on these bands; probably 1982 for 10 MHz, and not before 1985 for 18 and 
24 MHz. The long delay for the top two bands is because Amateur Radio stations will not be permitted to 
take possession of these exclusive frequencies until all existing fixed services have moved to new 
assignments; the transition will occur between July, 1984, and July, 1989, so it will be nearly five years at 
the earliest, and significantly longer if any of the present users feel like dragging their feet. 

It may not be obvious, but the frequencies of the three new ham bands were very carefully chosen — 
each band is very near the geometric mean of the two existing, adjacent bands. This is optimum band 
placement for maximum propagation enhancement, so it should be possible to maintain long-distance 
radio communications for many more hours each day than is possible with our present allocations. 

Practically all of the new rigs which use phase-locked loops already cover the new bands (although they 
are not presently programmed to transmit there); some will require simple modifications, but you can be 
sure the manufacturers are already working on them — and will have mod kits available by the time the 
new bands are opened. And when the new frequencies do become available, most of the equipment 
makers will be marketing ham gear with even more features than they offer nowl Thanks to WARC, the 
future for Amateur Radio is bright, and the decade of the 1980s promises to be exciting — both to 
Amateur Radio and to the technology which will become available to us. 

Jim Fisk, W1HR 
editor-in-chief 
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comments 


compact loop antenna 

Dear HR: 

W6TC's article on the compact 
loop antenna in October ham radio 
essentially describes the antenna I 
have used for several years. I impro¬ 
vised the antenna out of desperation 
because my station was over pure 
sand, and grounded verticals simply 
did not work. Contrary to the title of 
his article, I was searching, not for a 
DX antenna, but a general-purpose 
antenna for all bands that would work 
reasonably well in an area with ex¬ 
tremely poor ground conductivity. In 
addition, I wanted an antenna that 
would cover the entire 75/80-meter 
band. The antenna has satisfied all 
these requirements. 

The antenna books give the reso¬ 
nant impedance of a full-wave loop as 
about 105 ohms; measurements con¬ 
firmed this figure. To cover the 
75/80-meter band, the loop was cut 
for about 3950 kHz 1248 feet). A 17 
pH roller coil in series with the un¬ 
grounded side at the feed point reso¬ 
nated the antenna at 3550 kHz. The 
impedance had dropped to about 25 
ohms. Fed with RG-8/U coax, the 
antenna has an SWR never more 
than 2:1. 

The original antenna was in a pen¬ 
tagon configuration. The feed point 
was near ground, with the roller coil 
in a weather-proof metal box. The 
two ends of the loop sloped upwards 
in a sort of "inclined V" configuration 
to the first pair of masts, one on 
either side of the lot. With a maxi¬ 
mum height of 20 feet, this antenna 


was definitely not a DX antenna. It 
was a high-angle radiator, as ex¬ 
pected, but on 75 meters it outper¬ 
formed a dipole at the same height up 
to distances of 400 to 500 miles. At 
increasing distance, even an ineffi¬ 
cient vertical antenna did better. 

In the CW portion of the 40-meter 
band a series inductance of 9 pH is re¬ 
quired for resonance. This results in 
rather high rf voltages on the antenna 
side of the coil, and an SWR of about 
2.5:1. Numerous contacts with 1-watt 
QRP CW on 40 meters, in the middle 
of the day, at distances of several 
hundred miles and with consistent 
reports of S6-S9, indicate excellent 
performance. 

At my present station, the antenna 
has been erected in a delta-loop con¬ 
figuration with about the same re¬ 
sults. Feeders have been dispensed 
with (except for 10 feet of coax from 
transmitter to tuner). Romex wire 
carries the loop ends through the ceil¬ 
ing of shack up to the peak of the 
roof, and through the gable. (Since 
I'm in a remote area, I can get away 
with this. However, I can run a TV set 
on rabbit ears in the shack — except 
on 40 meters.) 

W.S. Skeen, W6WR 
Hornbrook, California 

W3VT memory keyer 

Dear HR: 

A builder of the deluxe memory 
keyer featured in the April issue has 
written, pointing out that under some 
conditions a slight click occurs in his 
unit during manual sending each time 


the keyer clock control line goes high. 
This click was also present in the orig¬ 
inal version, but was barely percep¬ 
tible in the monitor and did not seem 
objectionable; perhaps in some other 
units it might be severe enough to be 
a problem. Following is an explana¬ 
tion and the solution. 

The click occurs during manual 
sending when sending from memory 
has been stopped at a memory loca¬ 
tion with a high data bit; this can hap¬ 
pen when the memory is stopped by 
the stop button or interrupted by 
manual sending. The memory output 
control U13B is held high by the low 
on the keyer control line at U13B pin 
10, inhibiting the output even though 
the other three inputs (pins 9, 12, and 
13) are high. When the control line 
goes high, U3B inverts the control 
line signal and applies the low to 
U13B pin 9, which continues to inhib¬ 
it memory output. There is a momen¬ 
tary gap in the inhibition process, 
however, due to propagation delay in 
U3B. 

The cure is simple and requires 
only slight surgery on the memory 
board. 

First, remove the keyer clock con¬ 
trol lead from the designated eyelet 
on the board. From this eyelet, con¬ 
nect a 0.047-/iF (or 0.1-/iF) capacitor 
to the nearby ground foil. Next, re¬ 
move the jumper which connects the 
clock control line to pin 9 of U4, and 
replace the jumper with a 150-ohm 
resistor. Connect a new jumper from 
the bottom end of this resistor (near 
(Continued on page 74) 




VHF, LTHF, AMD MICROWAVE ALLOCATIONS for the Amateur Service by the World Administra- 
fcive Radio Conference (WARC) are just as impressive as those below 30 MHz. As outlined 
here last month, all present VHF and UHF bands remain essentially unchanged for U.S. 
Amateurs, though the replacement of Radio Location by the much more aggressive Fixed and 
Mobile Services as co-Primary sharers of 220-225 MHz signals a problem with that band. 

The addition of an Amateur Secondary allocation at 902-928 MHz is a positive move, and 
an Amateur slot in that band could become available when the WARC accord becomes effec¬ 
tive on January 1, 1982. 

Ac Microwave, Amateur Radio did lose 1215-1240 MHz but kept 1240-1300 with a satel- 
lite uplink subband at 1260-1270 MHz. The 2300-2450, 3300-3500, 5650-5925, and 10000- 
10500 MHz bands all remained Amateur Secondary as before, but with new subbands on all 
four for Amateur Satellite use. 24-24.25 GHz continues Amateur and Amateur Satellite, 
but we now have worldwide allocations at 47-47.2, 75,7-81, 119.98-120.02, 142-149, and 
241-250 GHz with a good portion of most, Amateur and Amateur Satellite Primary. 

Morse Code Ability will still be required of Amateurs worldwide, but only below 30 MHz 
instead of 144 MHz as before. Another regulation change provides for the use of the 3.5, 
7.0, 10.1, 14.0, 18.068, 21.0, 24.89, and 144 MHz Amateur bands for emergency communica¬ 
tions between both Amateur and other services during times of natural disaster. Resolu¬ 
tion CR prohibits broadcasters from using 7.0-7.1 MHz, with more success, it's hoped, 
than similar previous attempts. 

Amateur Radio Came To Geneva as one of best — if not the very best — prepared of all 
the services, and the results surely show it. Amateur Radio's tremendous success at the 
WARC reflects more than five years of effort by the IARU, national societies, and individ¬ 
ual Amateurs throughout the world. Special credit goes to the IARU's WARC delegation; 
G2BVN, G5C0, and SP5FM, representing Region 1, HK3DEU and YV5PBG, Region 2; JA1NET, ZL2AZ 
and 9VIRH, Region 3; and VE3CJ, W1RU, K1ZZ, W4KFC, WA6IDN, and W0BWJ, IARU Headquarters. 

A heartfelt thanks from all Radio Amateurs. 

AMATEUR RADIO'S STRONG WARC showing was due in no small part to the U.S. government's 
very positive pro-Amateur Radio position, which in turn was the result of a well organi¬ 
zed and hard working FCC Advisory Committee on Amateur Radio (ACAR). About 70 U.S. Ama¬ 
teurs participated in the ACAR meetings, and their efforts are deserving of recognition. 
The ACAR rostor reads: K1CCL, W1HDQ, W1HGI, K1HZN, W1JR, VJ1NLB, W1NXY, W1RU and K1ZZ; 
W2ALS, W2DEO, W2DU, W2ECH, W2GHK, W2HD, WA2INB, K2MGA, and W20D; W3ASK, W3BE, K3BRS, 

W3BLC, K3DC, W3DXA, W3FU, W3GG0, W3ICM, WA3IHW, W3JPT, W3KMV, WA3LND, W30KN, W3PK, W3PS, 
W3SWD, W3VW, WA3WRS, and W3X0; W4AAW, WA4AJF, W4BRB, W4BW, K4BZ, K4BZF, W4FZ, W4GF, 

K4GTS, W4J0P, K4KDY, W4KFC, W4LVC, WB4LWX, W4MB, W4NSP, K4NSS, W400, K4V0W, W4ZC, and 
W4ZM; W5EYB; W6DW, W6EJK, W6CD, W6GNX, WA6GYD, K6HCP, K6HIJ, W6ISQ, WB6JPI, W6KAP, K6LFH, 
WB6NMT, W60HQ, W6SAI, W6UF, K6UQH, K6VGP, and W6ZH; KB9F0, W9JUV, and W9K0I; W0AR, W0BWJ, 
and W0IUF; and KH6IJ. The efforts of these Amateurs, often at considerable personal 
sacrifice, should be appreciated by Amateurs worldwide. Thanks K4NSS for invaluable 
assistance in preparation of this list, for which W9JUV takes sole responsibility'for 
errors and omissions. Any errors will be cheerfully corrected in next month's Ham Radio. 
Current callsigns of ACAR members, if known, were used in the list. 

TYPE ACCEPTANCE TESTING of solid-state linear amplifiers for the Amateur Service has 
been reinstated, at least for a trial period through July 1st, after FCC's unexplained 
termination of the program in late 1978, which drew heavy fire from Ham Radio editor-in- 
chief, WlHR. Ten Tec’s new Model 444, the Hercules kilowatt linear, is being resubmitted 
and could be available within the next several months. 

" VOLUNTEER AMATEUR EXAMS ARE ILLEGAL 1", the FCC's General Council declared at a Com- 
mission meeting in late December. The bombshell announcement came as the Commissioners 
discussed terminating Docket 20679, the Notice of Proposed Rule Making that would have 
required volunteer examiners to submit photocopies of their licenses when requesting an 
exam. The judgment appears to stem from recent Congressional concern that some govern¬ 
ment agencies were improperly expanding their staffs without approval of Congress, by use 
of volunteers and contractors. When the legal staff reviewed the volunteer program in 
Connection with Docket 20679, they concluded it is illegal and thus must be terminated. 

What Effect Termination will have on existing training programs and U.S. Amateur growth, 
not to mention the added burden on FCC's Field Offices, remains to be seen. For the first 
three years of the Novice program its exams were all Field Office administered; responsi¬ 
bility for Novice exams has rested with the Amateur Service since June, 1954. 

A SUCCESSFUL LAUNCH of the Ariane LOl launch vehicle was carried out December 24th, 
from Korou, French Guiana, after a 24-hour delay due to bad weather. Launch took place 
at 1715Z, successfully putting a ballast payload into a highly elliptical Earth orbit 
similar to the initial orbit expected for the AMSAT Phase III-A spacecraft. 

The Test Proved to be an excellent dry run. Both the launch vehicle and the communi¬ 
cations procedures to be used by the European Space Agency during and immediately after 
a launch attempt worked well. The test clears the way for the L02 mission, scheduled for 
late May, 1980, which will carry the Phase III-A satellite. 
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a new class of 

coaxial-line transformers 


A review of 
transmission-line transformers 
and balun theory, 
including problems 
with magnetic cores — 
Part 1 of a two-part series 

Most coaxial-fed antennas require a balun for op¬ 
timum performance; many also require a matching 
transformer. Typically, these baluns and trans¬ 
formers are made with magnetic core material such 
as ferrite. These devices are subject to arcing and 
linearity problems. Simple baluns and a new class of 
rf transformers which are not subject to these prob¬ 
lems use only coaxial line in their construction — and 
they are easy to make. 

To match the low impedance of two closely 
spaced dipoles, I needed a broadband 4:1 trans¬ 
former for some experiments on a low-band phased 
array. My first inclination was to go to the handbooks 
to design a ferrite-core transmission-line transformer. 
However, I decided that there had to be a better way. 

I had just read Doug DeMaw's article, "The Whys 
and Hows of Bifilar Filament Chokes" in QS7". 1 He 
expressed concern about saturation of the core 
material and corona from the windings to the core 


when operated at high power. My search began for a 
way to make broadband transformers without mag¬ 
netic core material. 

background 

In conventional low-frequency transformers, 
closely coupled primary and secondary windings of 
the appropriate turns ratio are used. At radio fre¬ 
quencies, because of inevitable leakage reactance, 
narrowband tuned transformers are generally used 
for impedance transformation. Quarter-wave match¬ 
ing transformers may be used but are also narrow- 
band; they are a quarter wavelength at only one 
frequency. 

The availability of solid-state rf power devices with 
their capability for broadband performance created 
the need for broadband interstage matching, thus 
causing rapid development of transmission-line 
transformers, 2 . 3 . 4 Development of ferrite materials 
also expanded rapidly during this period. 

The low-frequency response of transmission-line 
transformers is limited by winding inductance, and 
the high-frequency response is limited by resonances 
from stray capacitance; therefore, ferrite material is 
used to extend the low-frequency limit of small trans¬ 
formers by increasing inductance. Thus broadband 
transmission-line transformers and baluns using fer¬ 
rite cores have come into wide use in solid-state rf 
circuitry and Amateur antenna systems. While these 
cores are very useful, they have some disadvantages. 


By George Badger, W6TC, 341 La Mesa Drive, 
Portola Valley, California 94025 
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This article shows how to build and design broad¬ 
band rf transformers and baluns without magnetic 
cores. 

problems with magnetic cores 

Amateurs build or buy highly linear SSB equipment 
and effective lowpass filters to avoid TVI. We then 
subject our clean, harmonic-free signals to the uncer¬ 
tainties of ferrite-core transformers or baluns in our 
antenna systems. The cores in these devices are sub¬ 
ject to saturation and, therefore, nonlinearity. High 
permeability ferrite cores are also susceptible to per¬ 
manent damage at flux densities of a few hundred 
gauss.5 Tune up your linear into the wrong antenna 
just once and the damage is done. 



fig. 1. Broadband transmission-line transformers are made 
of two or more transmission lines connected in parallel at 
one end and in series at the other. One volt applied to two 
coax lines in parallel at the input results in 1 volt across each 
of the lines at the output. If these two lines are connected in 
series at the output as shown, the output will be 2 volts. In 
this way a 1:4 impedance stepup is achieved. Sufficient im¬ 
pedance must be provided over the length of the outside 
conductors to prevent the connections at one end from 
shorting the other end. 

Magnetic materials such as ferrite, powdered iron, 
and specialty steel tapes have added greatly to the 
performance of components available to circuit de¬ 
signers. However, these materials should not be 
used in high-power circuits or antenna systems un¬ 
less they are adequately characterized regarding 
power-handling capability and saturation effects. 
This is necessary so that interaction of the material 
with your system can be thoroughly understood. Put 
another way, sufficient core material must be used to 
keep the flux density well below the saturation level. 
Data on harmonic distortion measurements, taken at 
high power on a popular commercial ferrite core 
balun, are presented in part 2 of this article. 

Ferrite baluns and transformers are usually wound 
with copper wire coated with thin enamel insulation. 
Pairs of wires are placed close together or twisted to 
make transmission lines, which are wound tightly 
onto the core. The conductors must be close, be¬ 
cause the surge impedance of the wire pairs must be 
correctly related to the impedances to be matched. 


For this reason, thin insulation is often used. Inade¬ 
quate insulation may result in arcing between wires 
or to the core when operated at high power. 1 . 2 Those 
who have blown a balun in the heat of competition 
are all too familiar with these problems. 

transmission-line transformers 

Basically a transmission-line transformer consists 
of two or more parallel lengths of transmission line 
connected in parallel at one terminal and connected 
in series at the other (fig. 1). For example, if two 
lengths of coaxial line are connected in parallel at the 
input and 1 volt is applied, 1 volt appears at the out¬ 
put end of each of the two lines. If the output ends 
are connected in series so that the two voltages add, 
the output is 2 volts, thus creating a 1:2 voltage in¬ 
crease (1:4 impedance transformation). Fig. 1 also 
can be used to describe a 4:1 impedance reduction: 
for example, from 50 ohms to 12.5 ohms. 

Sufficient rf impedance must be provided between 
the input and output ends of the transformer of fig. 1 
to prevent the connections at one end of the lines 
from shorting the other end of the lines. The impe¬ 
dance is usually provided by wrapping the transmis¬ 
sion lines around magnetic cores. 

the Collins balun 

By far the best balun I've ever used is the Collins 
balun which, to my knowledge, was first described in 
a book published by the Collins Radio Company en¬ 
titled Fundamentals of Single Sideband. 6 The Collins 
balun derives its name from this reference. I believe 
the earliest reference to an Amateur application was 
in an article by K2HLT in G.E Ham Notes in I960. 7 
The Collins balun is rarely mentioned in Amateur lit¬ 
erature, which is surprising in view of its superb per¬ 
formance. However, Bill Orr, W6SAI, describes one 
in his Radio Handbook . 8 



fig. 2. Simple coiled length of coaxial line isolates output 
terminals from ground. 
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Perhaps the reason the Collins balun hasn't gained 
popularity with Amateurs is that it's quite bulky when 
made with RG-8/U. The balun is extremely simple. 
No exotic materials are used in its construction; only 
coaxial cable and insulated wire. I've used these 
baluns for years with various antennas and never had 
a failure. One has been on my three-element 10-15 
meter quad for eight years with no sign of deteriora¬ 
tion. There are only two disadvantages to the Collins 
design: 1) when made with RG-8/U, the balun is 
bulky — too large for installation on a clean-design 
antenna system; and 2) the balun is useful only at 
50 ohms. This article shows how to eliminate these 
disadvantages, 
balun theory 

Baiuns convert energy from unbalanced coaxial 
line to balanced two-wire line by isolating the two 
balanced terminals from ground. As in the transmis¬ 
sion-line transformer, this is often accomplished by 
coiling transmission lines around magnetic material 
so the impedance to ground from both output termi¬ 
nals is high compared with the characteristic impe¬ 
dance of the input coaxial line. By using this tech¬ 
nique, shown in fig. 2, the two balanced terminals 
are "floated" with respect to ground by the isolation 
provided by the coiled-line impedance. However, a 
simple coiled length of transmission line is often not 
adequate because it doesn't contribute to the bal¬ 
ance of the system. 9 For a balun to make this contri¬ 
bution, the impedance ground from both terminals 
must be nearly matched. 

Accordingly, in the Collins balun, a dummy length 
of coax is wound as a continuation of the isolating 
winding, so that the coil consists of the original 
length of coiled coax of fig. 2 plus an equivalent 
length of dummy line, as shown in fig. 3. 

The dummy-line center conductor is unused and is 
left floating, or both ends may be shorted to the 
outer conductor if desired. The dummy length of line 
causes the impedance to ground, from each of the 
two output terminals, to be nearly equal. The isola¬ 
tion impedance (common-mode impedance) is held 
higher than the coax-line characteristic impedance 
over a wide frequency range by the distributed ca¬ 
pacitance and inductance of the combined coil. The 
coil must have sufficient inductance so the impe¬ 
dance, at the lowest operating frequency, is higher 
than the line surge impedance. As the frequency is 
increased, the impedance increases through parallel 
self-resonance, then decreases as the frequency is 
further increased. 

Because the self-resonant circuit consisting of the 
distributed capacitance and inductance of the com¬ 
bined coil is loaded by the low characteristic impe- 
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ial line of fig. 1. 

dance of the line, the impedance versus frequency 
curve is broad. Balun performance therefore is not 
critical with respect to frequency. Data taken on 
measurements of the common-mode impedance on 
a typical Collins balun are presented in Part 2. 

The symmetry provided by the dummy line makes 
balun performance less dependent on common-mode 
impedance and is therefore often essential in baluns 
and balanced systems. 9 The isolation, balance, and 
impedance match of this class of balun are superb 
over the hf Amateur bands. Specific designs, per¬ 
formance data, and a systematic design procedure 
are presented in Part 2. 

new class of transformers 

Faced with the need to match a very low-impe¬ 
dance antenna system, I decided to try to develop a 
4:1 transmission-line transformer based on the princi¬ 
ples of the well-proven Collins balun. The transform¬ 
er was successfully developed; in fact, a new class of 
wideband transformers evolved from this work. 

One of the nice things about an avocation — as 
compared with a vocation — is that you're not on a 
time schedule. I found that the performance of the 
4:1 transformer was so good that the idea of other 
transformer designs based on the same principles 
looked interesting. I shelved the phased-array project 
long enough to enjoy the freedom to explore the pos¬ 
sibilities of these transformers. The result was a 
series of broadband balanced and unbalanced trans¬ 
former designs that are extremely simple, made en¬ 
tirely of coax, and, most important, don't depend on 
ferrite or powdered-iron materials. 

design concept 

Because the Collins balun so successfully isolates 
the balanced output terminals from the unbalanced 
coaxial line input, it seemed reasonable that a similar 
broadly resonant configuration would provide the 
isolation necessary to the series and parallel lines of 
fig. 1. From previous experience I'd found that it's 
unnecessary to wind the Collins balun on a cylindrical 
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form as shown in fig. 3. It's sufficient to random- 
wind the turns without a coil form, as shown in the 
photo. I decided to try winding the two lines of fig. 
1A into a continuous winding similar to the Collins 
balun of fig. 3. 

My first try was with a nine-turn coil random 
wound on a nominal 25-cm (10-inch) diameter 
shown in fig. 4 (Only three turns are shown in the 
drawing for clarity.) Two 254-cm (100-inch) lengths 
of 50-ohm line were used. The transformer was test¬ 
ed by inserting a 12.5-ohm low-inductance load at 
the output and measuring the input impedance with 
a Hewlett Packard Vector Impedance Bridge. While 
the transformer made the 12.5-ohm resistor appear 
to be a 50-ohm resistor over a wide range, the useful 
range was centered in the broadcast band. As the 
frequency was increased through 3.5 MHz, the input 


impedance magnitude increased rapidly, and the im¬ 
pedance phase angle was greater than 30 degrees. 
However, the useful frequency range was 4:1. En¬ 
couraged, I removed half the turns, expecting equiv¬ 
alent results more nearly centered over the ham 
bands. Results were disappointing. A good match 
was achieved only over a narrow frequency range. 

line impedance 

Note that the load at the transformer output of fig. 
4 terminates two coax lines connected in parallel. If 
the lines have 50 ohms characteristic impedance the 
load must be 25 ohms for the lines to be properly ter¬ 
minated. At the input the two lines are connected in 
series, so the input impedance will be 100 ohms. 
Thus the transformer of fig. 4 will match a 25-ohm 
balanced load to a 100-ohm balanced line, but per- 















fig. 6. A 50- to 200-ohm balanced-to-balanced transformer 
made from two 127-cm (50-inch) 100-ohm lines each con¬ 
sisting of two 50-ohm lines in series. The 100-ohm lines are 
connected in parallel at the input and series at the output. 
Performance data are shown in table 2. 

formarice will be poor when trying to match a 12.5- 
ohm load to a 50-ohm line. 

50/12.5-ohm transformer 

To match a 50-ohm line to a 12.5-ohm load, 25- 
ohm transmission line must be used so that the 50- 
ohm source will be correctly terminated by two 25- 
ohm lines in series. Similarly, the two 25-ohm lines in 
parallel at the output will be correctly terminated by a 
12.5-ohm load. I decided to make 25-ohm lines by 
connecting pairs of 50-ohm line in parallel. A trans¬ 
former similar to that in fig. 3 was wound with two 
lengths of transmission line, each made with a pair of 
50-ohm RG-58A/U lines in parallel (25-ohm line). 

After much cutting, winding, soldering, and data 
taking, the optimum design of fig. 5 evolved. The 
design lookssomewhat morecomplexthan the simple 
configuration of fig. 4 because each length of trans¬ 
mission line consists of two 50-ohm lines in parallel; 
however, in other respects the configuration is exactly 
the same as that of fig. 4. Note that the two 125-cm 
(50-inch) 25-ohm lines are connected in parallel at the 


output and are properly terminated by the 12.5-ohm 
load. This transformer design was useful over a wide 
frequency range. The VSWR is low over the high-fre¬ 
quency Amateur bands. The excellent data are 
shown in table 1. 

construction 

While it's not necessary to cut the lengths of coax 
to exactly 127 cm (50 inches), this length wound into 
a seven-turn, 11.5-cm (4.5-inch) nominal diameter 
coil is optimum to cover the high-frequency bands. 
The detail of coil winding is unimportant. You can 
bind the lines tightly with tape or leave them loose. 
You can hold the coil in your hands and separate the 
turns several cm (2 inches) before the magnitude or 
phase of the match are greatly affected. 

However, the length of the short between the 
coax-line outer conductors at the input end of the 
balun is critical. Performance is degraded at the high- 
frequency end of the useful range unless the coaxial 
outer conductors are soldered together into a com¬ 
mon joint as shown in the photo and fig. 5. Perform¬ 
ance deteriorates if the shorting lead is as long as 2.5 
cm (1 inch). The cross-connected leads at the output 
should be short. In the version shown, the length of 
the center conductors exposed beyond the outer 
conductors is about 2 cm (0.75 inch). Construction is 
shown schematically in fig. 5 and in more detail in 
the photo. 

measurements 

Impedance measurements were made with the 
Hewlett-Packard rf vector impedance meter model 
4815A shown in the photo. The vector impedance 
meter reads directly in impedance magnitude and 
phase angle. Data in this article are presented using 
the abbreviation Z for magnitude of the impedance 
and 0 for the corresponding phase angle. Balance 
measurements, described in Part 2, were made with 
the HP rf voltmeter model 4-10C also shown. The ter¬ 
minating resistor is critical to the evaluation of these 
balun transformers. The VSWR looking into the 
transformer is, of course, no better than the quality 


table 1. Frequency, impedance magnitude, phase angle and 
calculated VSWR for the balanced-to-balanced 4:1 trans¬ 
former of fig. 5. 


F 0 Z 

(MHz) (ohms) 

1.8 50 

3.5 51 

4 51 

14 54 

21 55 

28 53 

30 53 


0 

(degrees) VSWR 

13 1.26 

8 1.15 

6 1.11 

3 1.06 

5 1.12 

1 1.10 

-1 1.06 

-1 1.06 
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of the load. Shown in the photo is a bundle of eight 
parallel-connected, 100-ohm, 1/4-watt resistors sol¬ 
dered directly to the 50/12.5-ohm broadband trans¬ 
former for minimum inductance. 

performance 

Referring to table 1, note that the VSWR between 
3.5-30 MHz is less than 1.15. Even on 160 meters, the 
VSWR is only 1.26. Data were recorded only in the 
ham bands; however, with each configuration, I 
swept the impedance bridge over the full range look¬ 
ing for spurious resonances. In the designs presented 
here, none were found within the frequency range of 
the data shown. 

"Data are presented in tabular form. Displaying ex¬ 
perimental results in this convenient form required 
calculation of VSWR from the impedance-magnitude 
and phase-angle data. These calculations are long 
and tedious, so a Hewlett Packard HP65 program¬ 
mable calculator was used. N6AIG suggested the 
idea and wrote the program. The program is very 
useful and is included in the appendix. The program 
calculates VSWR based on an impedance of 50 ohms 
and can be modified easily for any impedance. 

50/200 ohm transformers 

After the 50/12.5 ohm transformer was optimized, 
it seemed reasonable to expect that a 50/200 ohm 
(1:4 impedance stepup) transformer could be made 
using the same principles. In this case, 100-ohm lines 
were used so they would match 50 ohms when con¬ 
nected in parallel at the input and would be properly 
terminated by 200 ohms at the output. The 100-ohm 
lines were made with two pairs of RG-59A/U cable; 
each pair was connected in series. The outer conduc¬ 
tors of each pair were connected together at both 
ends. Each pair is 127 cm (50 inches) long. The 
lengths of coax were wound into a compact package 
of seven turns at a nominal diameter of 11.5 cm (4.5 
inches). The package looks very similar to the 
50/12.5 ohm transformer shown in the photo. The 
transformer is shown schematically in fig. 6. Per¬ 
formance data recorded for this transformer are 
listed in table 2. 

To show the effect of increasing the length of the 
lines and increasing the number of turns, another 
similar 50/200 ohm transformer was built. Data taken 
on this transformer are also shown in table 2. The 
modified transformer was optimized for the low 
bands. It is similar to the configuration of fig. 6. 
However, the coax lines are twice as long, 254 cm 
(100 inches), and have twice as many turns on the 
same nominal diameter. Note that the increased 
length makes the transformer useful on 160 meters 
and substantially improves VSWR on 80 and 40 


table 2. Data taken on the 50-ohm balanced to 200-ohm bal¬ 
anced transformer. (A) lists data for the transformer made 
with 127-cm (50-inch) lines as shown in fig. 6. (B) lists data 
for another version optimized for the low bands. This trans¬ 
former has the same configuration as that of fig. 6; how¬ 
ever, the two 100-ohm lines are made with pairs of 254-cm 
(100-inch) lengths of RG-58A/U. 


3.5 

7 

14 

21 


30 


1.8 


10 

14 


Z B 

(ohms) (degrees) VSWR 

A. Data for transformer of fig. 6 

56 20 1.45 

57 18 1.41 

52 7 1.14 

51 1 1.03 

47 5 1.11 

46 15 1.32 

46 16 1.34 

B. Data for low-band version 

55 10 1.22 

55 2 1.11 

55 0 1.10 

51 -4 1.08 

46 -2 1.09 

46 -17 1.37 


meters. The low-band transformer performance is 
good through 10 MHz; however, the VSWR climbs to 
1.37 at 14 MHz. 

The common-mode impedance of the transform¬ 
ers described in this article is sufficiently high so that 
the transformers can be driven from either a bal¬ 
anced or an unbalanced coax transmission line. Two- 
stage balun transformers with improved isolation are 
described in Part 2. 

I determined the efficiency of the 4:1 transformer 
of fig. 5, by carefully measuring the input complex 
impedance and the complex impedance of the load, 
driving it with a signal generator and measuring the 
input and output rf voltages. I used the HP4815A rf 
Vector Impedance Meter and the HP410C rf Volt¬ 
meter shown in the photo. Input power was deter¬ 
mined by calculating the power in the real part of the 
input impedance; the output power was calculated 
similarly using the complex load impedance data. 
Efficiency was determined by dividing the output 
power by the input power. Measurements and calcu¬ 
lations were made for each of the bands, from 160 
through 10 meters. As you might expect, efficiency 
was lowest on 10 meters; however, efficiency was 
greater than 95 per cent on all bands. 

power-handling capability 

The 4:1 transformers may be made with pairs of 
RG-58A/U lines connected in series for 100-ohm 
surge impedance or connected in parallel for 25-ohm 
surge impedance. Each length of RG-58A/U must 
therefore handle only 50 per cent of the power de¬ 
livered by the transformer. Because RG-58A/U is 
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rated for more than 500 watts at 30 MHz, these RG- 
58A/U transformers will handle 1000 watts of rf. I 
verified this by connecting two 12.5-ohm transform¬ 
ers back-to-back into a dummy load. At 1 kW, heat¬ 
ing was not discernible at 7 MHz. At 30 MHz, the 
transformers became warm to the touch after about 
one minute, key down. Part 2 describes how to build 
baluns capable of several kilowatts overload into 
severely mismatched loads. 

Part 2 of this article, which will appear in March, 
1980, ham radio, will describe how to build more use¬ 
ful balun transformers and three specific 1:1 baluns, 
including one for vhf. These designs are capable of 
conservatively handling high power into widely vary¬ 
ing loads. The impedance match (VSWR) and 
balance of these new transformers and the baluns 
will be compared with popular commercially available 
rod and toroid core balun transformers. In addition, 
harmonic distortion data taken at 2 kW PEP on a 
typical commercial ferrite core balun will be included. 

Balun performance is usually described when 
working into a "flat" load. In the real world, baluns 
must work into widely varying loads as frequency is 
changed across the band. Measured performance of 
baluns with varying loads will be included and com¬ 
parative data presented in Part 2. How to design 
balun transformers to your needs and how to modify 
a currently popular balun will also be described. 
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appendix 


Program for calculating VSWR for a given load impedance. Z ( . 
using the HP-67 calculator. 

reflection coefficient, T = 1 

Zl'Zo* I 

VSWR = jT|f| 

running instructions 

step instruction input keys output 


1 (clear memory — 

3 input magnitude 

4 input phase 

5 copy VSWR 

6 return to step 3 


- h RTN R/S - 

IZlI R/S - 

angle" R/S 

- VSWR 

R/S 
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They say “beauty is as beauty does”. And the 
streamlined, low silhouette Larsen Kulrod Antenna 
performs as beautifully as it looks! 

You get real performance, thanks to solid 
contacts with no power wasted in inefficient 
base or phasing coils. And there’s no power loss 
through inefficient high loss whips when you use 
a Larsen Kulrod Antenna 
These antennas were engineered to serve the 
tough, highly competitive two-way communications 
field. They are in demand and sold throughout the 
United States and around the world — though 
often priced a bit above other antennas. The 
reason? Top performance and looks. 

Larsen Kulrod Antennas are available at leading 
Amateur stores. Choose from a variety of easy-to- 
install permanent and temporary mounts and in 
the 50,144,220 and 440 MHzamateurfrequencies. 

Write fora free catalog and name of the nearest 
Larsen dealer. And before long you’ll be getting 
“fine signal” reports on your new Larsen Kulrod. 



You can HEAR the dillerence! 


In U.S.A., write to: In Canada, write to: 

P.O.Box 1686 Unit 101 

Vancouver, WA 98663 283 E. 11th Avenue 

Phone (206) 573-2722 Vancouver, B.C. V5T 2C4 

Phone (604)872-8517 

* KOIrod Is a Registered Trademark of Larsen Electronics, Inc. 
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Yagi antenna design 

experiments confirm 
computer analysis 


Comparison of 
calculated Yagi performance 
with NBS measurements 
confirms validity 
of theoretical approach 

A mathematical model of the Yagi antenna, as 
described last month,’ is required for computer anal¬ 
ysis of antenna gain, front-to-back ratio, and opera¬ 
tional bandwidth. Once the model has been con¬ 
structed, a computer program can be written. To 
avoid endless consultations, I prefer not to supply 
actual computer programs; for those readers who 
would like to create their own programs, I will explain 
the information flow I use in programs for computing 
element currents and Yagi performance. 

writing programs 

I first create a labeled input file containing all of the 
necessary information about the Yagi. The label itself 
is usually an abbreviated reminder of the particular 
Yagi. This input file contains a statement of the num¬ 
ber of parasites and the number of drivers. Next is 
given information on each parasite, i.e., X and Y 
coordinates, length ( LE ) and radius (RO), all speci¬ 
fied in terms of wavelength at a given central design 
frequency. Next is given information on each driver, 
i.e., X and Y coordinates, length (LE) and radius 
(RO), driving point voltage and phase. 

The element-current program first calls for the 
input data file label and asks at what frequencies (in 
terms of the center design frequency) the computa¬ 
tions are to be made. With this starting information, 
the input file is called and read. For each frequency 
specified, a computation is made to determine the 


(complex) values of all terms in the Z matrix; self¬ 
impedances are calculated (from eqs. 4, 5, and 6, 
reference 1) and mutuals are given by an interpola¬ 
tion routine or power series approximation (using 
eqs. 7 andS). 1 

Once the Z matrix is complete and the voltage vec¬ 
tor noted from the input file, matrix inversion is 
accomplished; this generates the individual element 
complex current solutions. The entire result is then 
written into an output file for later use. I have found it 
convenient to include in the output file a statement 
of frequency for each computation and the number 
of parasites and number of drivers. For each ele¬ 
ment, I include its X and Y coordinates, its resonant 
frequency and Q/ and magnitude and phase of its 
current. The element-current program continues to 
compute until all initially specified frequencies are 
satisifed. 

This output file now becomes a useful input file to 
other computer programs which are designed to pro¬ 
duce displays of interesting Yagi properties. One 
such program calculates and plots the pattern both 
for the H-plane and the £-plane. This is done by 
reading the new input file, and for a specified 
sequence of elevation angles (say every 1 or 2 
degrees), computing the radiated energy flux densi¬ 
ty. This is easily done from the known element posi¬ 
tions and the known element complex currents; the 
elevation angle and positions geometrically deter¬ 
mine the effective phase delay of each element from 
the reference origin. The vector sum of all contribu¬ 
tions is then proportional to radiated field strength, 
the square of which is proportional to radiated ener¬ 
gy flux density. This calculation provides values 
which are referenced to a single element carrying a 
unit current; this can be referred to an isotropic 
source by correcting for the gain of a single element 
(2.15 dBi). 

This (energy flux density) pattern is calculated for 
each frequency (read from the new input file) and 
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can be easily plotted by one of the plot routines. I 
believe it is most useful if the pattern is specified in 
dB relative to an isotropic source, 2 which I label dBi; 
such values will be shown throughout this series. In 
this pattern program I have also found it convenient 
to compute and display the driver's driving point 
impedance; the largest energy flux value found in the 
entire elevation angle search (usually in 1 degree 
intervals), which I label as MAX H-GAIN (dBi), and the 
angle at which it occurs, labeled H-ANGLE; and the 
front-to-back ratio (ratio of energy flux at H-ANGLE 
to energy flux at 180 degrees minus H-ANGLE) labeled 
FRONT/BACK GAIN (dB). 

Another program of great utility is one which reads 


fig. 1. Layout of a Yagi with a broadband feed system of the 
type manufactured by KLM. The main driver (DR) and de¬ 
pendent driver (DD) are connected through a transposed 
transmission line with characteristic impedance and 
phase angle 9. Performance of this type of Yagi can also be 
analyzed by computer, as discussed in the text. 


the new input file (element current file) and com¬ 
putes and displays a number of useful Yagi proper¬ 
ties. These are maximum gain (dBi) and angle at 
which it occurs, reverse gain (dBi) at the same 
reverse elevation angle, front-to-back ratio, and the 
driving point impedance of the first driver. Since this 
program does not spend time displaying the com¬ 
plete patterns, it is fast and therefore capable of 
rapidly running through a large number of different 
situations. 


tern is not just a single element but actually consists 
of a voltage-fed main driver whose input terminals 
also feed a dependent driver in parallel through a 
crossed transmission line with characteristic impe¬ 
dance Zfl and phase delay angle 0. With convention¬ 
al transmission line equations you can relate voltages 
and currents at both ends of this transmission line. 

As an illustration, a 5-element KLM-style beam can 
be simulated as shown in fig. 1. The parasites are 
elements 1, 2, and 3; the main or master driver is 4, 
and the dependent or slave driver is 5 (connected 
through the transposed transmission line). Start with 
the five linear equations in matrix form: 


Zu 

Z,2 

Z,3 

Z] 4 

Zl3\ 


b 


0 

Z 21 

Z 2 2 

Z 23 

Z 2 4 

Z25 


h 


0 

Z)1 

Z)2 

z3) 

Z34 

Z35 

X 

b 

= 

0 

Z« 

Z 42 

z 4} 

Z44 

Z43 


b 


v 4 

Z,1 

Z,2 

Z,3 

Z54 

Z» \ 


b 


V 5 


V 4 (the main driver voltage) is given, but V s (depen¬ 
dent driver voltage) must be determined from the 
transmission line equations which relate V$ and b to 
V 4 and transmission line current at terminals XX. For 
a transposed lossless transmission line: 

V, ~ - V 4 sece-jZ 0 I 3 tanQ 


( 1 ) 


( 2 ) 


so that the final five linear equations become in 
matrix form: 


Zu 

Z12 

Zl3 

Z 14 

Zn 


b 


0 

Z21 

Z22 

Z23 

z 2 4 

Z23 


b 


0 

Z31 

Z32 

Z33 

Z34 

Z35 

+ 

b 

= 

0 

Z41 

z 42 

Z43 

z 4 4 

Z43 


b 


v 4 

Z51 

Z52 

Z33 

z 54 

Z55 + jZ 0 tanQ 


b 


- y 4 secO 


Note that the input file for this antenna must contain 
information about the number of parasites, the num¬ 
ber of independent or master drivers, and the num¬ 
ber of dependent or slave drivers; the dependent or 
slave driver must contain a statement as to which is 
its master driver, and must provide Z 0 and 0 for the 
transposed transmission line. The Z matrix and V 
vector must be modified as shown, then the program 
can proceed as before. 


other antenna types 

Programs can be written that will perform equiva¬ 
lent calculations for different antenna systems. First 
of all, a somewhat different element current program 
is needed for a conventional Yagi if the driver current 
is specified rather than its voltage (using eqs. 10 and 
11 from reference 1). You can also write a different 
program to handle a broadband drive system as used 
in the KLM antennas, but to do this requires a little 
manipulation. In this type of antenna the drive sys- 


validation 

With the tools for computing a wide spectrum of 
antenna characteristics at hand, it is crucial to ask for 
some experimental validation. I have already com¬ 
mented on the inaccuracies inherent in physical 
modeling (although such inaccuracies are believed to 
be of little consequence), and have discussed 
approximations which have been used in various 
computations. These approximations are expected 
to be most serious for those antenna properties 
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fig. 2. Gain in dB of a driven element and reflector for dif¬ 
ferent spacings between elements (from NBS Report 688). 


which depend critically on precise element currents, 
such as F/B ratio. On the other hand, it should be 
possible to calculate other properties such as gain or 
directivity with reasonable accuracy (comparable to 
the accuracy of the currents themselves). The calcu¬ 
lations are expected to produce superior results for 
short antennas (few elements) and for frequency 
regions relatively close to design center frequency. 

Experimental information suitable for validation is 
frustratingly difficult to obtain! While a great amount 
of experimental results have been published, it is 
extremely difficult to find examples of accurate 
measurements made under conditions where exter¬ 
nal factors have been properly considered or elimi¬ 
nated. 

NBS Yagi experiments 

For example, let's examine the experimental 
results reported by Peter Viezbicke in NBS Technical 
Note 688. 3 This publication provides a rich range of 
gain and pattern measurements for a wide variety of 
Yagi configurations. In most cases, all relevant 
dimensions of the Yagi design are given, so this pub¬ 
lication is a fine vehicle to test the validity of theoreti¬ 
cal computational methodology; shortly, I will 
attempt to make such comparisons. At the same 
time, Technical Note 688 is a frustrating report; it 
contains several cases of inconsistent information 
and many times there is lack of supporting technical 
information. Careful documentation and editing at 
the time of publication would have made this report 
of a really excellent series of measurements much 
more valuable. 

I must first comment on the NBS experimental 
approach. Viezbicke states that all tests on the 


(receiving) test antennas were carried out using a 
nonconducting Plexiglas boom mounted three wave¬ 
lengths (3X) above ground (readers of the NBS paper 
will note that the very first figure shows 2X). The 
(transmitting) generator antenna was mounted 320 
meters (1050 feet) away and at a height above 
ground to illuminate the receiving antenna at "graz¬ 
ing angles." I interpret this to mean that the transmit¬ 
ter is also at a height over ground of 3X. The nature 
of the intervening ground, which is highly relevant, is 
never mentioned! A reference half-wavelength dipole 
is mounted about 5X to the side of the antenna under 
test (also at 3X above ground). All tests were made 
using a frequency of "400 MHz" but the frequency 
precision is never mentioned, and this may be quite 
important, as shall be seen. 

If my interpretation of the experimental setup is 
correct, received field strength at the receiving site 
will be the vectorial sum of the field from the direct 
ray and the field from the ray reflected from the 
ground at a point midway between transmitter and 
receiver. At these grazing angles, the reflectivity of 
the ground is probably near unity and for horizontally 
polarized radiation ground reflection will give a phase 
change of 180 degrees. Thus, the two rays interfere 
and nearly cancel each other, making the received 
energy nearly zero! It can be seen instantly that the 
actual received energy is extremely sensitive to the 
nature of ground midway between transmitter and 
receiver, i.e., its true reflection coefficient, its height, 
and its degree of flatness (which influences its focus- 



fig. 3. Comparison of computed gain with published NBS 
measurements (see fig. 2) for the same 2-element Yagi 
shows very poor agreement. As discussed in the text, 
however, the disagreement was apparently caused by 
measurement errors; when the NBS E and H plane patterns 
for the same antenna (s = 0 2) are summed and properly 
averaged, the isotropic gain is calculated to be 6.71 dBi 
(compared with 6.70 dBi in the THEORY curve in the graph). 
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ing properties). Moreover, since the reference anten¬ 
na "sees" a different ground patch midway to the 
transmitter, its inherent sensitivity can be different 
from that of the antenna under test. For example, if 
the ground patch seen by the reference antenna is 
only 1 foot (30 cm) higher than the ground patch 
seen by the test antenna, a systematic error of about 
2 dB will occur! It is clear, therefore, that the NBS 
experimental setup invites systematic errors. 

Yagi gain 

Let me turn now to the experimental results report¬ 
ed by Viezbicke. I will start with the measured gain of 


table 1. Optimized lengths of parasitic elements for Yagi antennas of 
six different lengths (reflector spaced 0.2X behind the driven element, 
element diameter 0.0085X). 


Length of 
Reflector, X 
Director 


Length of Yagi in Wavelengths 

0.8 1.2 2.2 3.2 4.2 


0.482 0.482 0.482 


0.482 0.475 


2nd 

3rd 


5th 

6th 

7th 


9th 

10th 


0.442 


0.428 

0.424 

0.428 


0.428 

0.420 

0.420 

0.428 


0.432 

0.415 

0.407 

0.398 

0.390 

0.390 

0.390 

0.390 

0.398 

0.407 


0.428 

0.420 

0.407 

0.398 

0.394 

0.390 

0.386 

0.386 

0.386 

0.386 


0.424 

0.424 

0.420 

0.407 

0.403 

0.398 

0.394 

0.390 

0.390 

0.390 


15th 

Spacing between 
directors, in X 0.200 

Gain relative to 
half-wave 

dipole, dB 7.1 

Isotropic gain, dBi 9.25 


0.386 

0.250 0.200 0.200 0.308 

10.2 12.25 13.4 14.2 

12.35 14.40 15.55 16.35 


a 2-element (dipole and reflector) Yagi as a function 
of spacing S. This is shown in the NBS paper as Fig. 
1 and for convenience is reproduced here as fig. 2. 
Unfortunately, Viezbicke failed to state an essential 
dimension — the actual length of the reflector itself; I 
assume that it is 0.482X (which was usually used for 
other Yagis). On this assumption I have calculated a 
theoretical result shown in fig. 3. The theoretical 
gain is expressed in dBi (referenced to an isotrope); a 
direct comparison can be made by adding 2.15 dB to 
the experimental NBS findings. 

The comparison in fig. 3 is totally unsatisfactory; 



fig. 4. Comparison of the £ and H plane radiation patterns 
for a 2-element Yagi with 0.2X spacing as measured by the 
National Bureau of Standards, left, and predicted by theory, 
right, shows good agreement. 


not only are the shapes of the plots different, the 
peak gains (at say S = 0.2) are very different! 
Viezbicke gets 4.77 dBi, whereas I calculate 6.70 dBi. 
In an attempt to understand this conflict, look at Fig. 
12 in the NBS publication which illustrates the meas¬ 
ured pattern of the same 2-element Yagi (S = 0.2) in 
both E and H planes. I have numerically summed and 
properly averaged the (power) response over the 
total 4ir solid angle and have found the directivity, or 
isotropic gain, to be 6.71 dBi! Thus, the measured 
pattern exhibits gain which agrees with my theoreti¬ 
cal result (see fig. 4). I can only conclude that some 
unexpected system error was present for the NBS 
series of measurements shown in their Fig. 1. 


NBS MEASUREMENTS _ COMPUTED 
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fig. 5. Comparison of the £ and H plane radiation patterns 
for a 3-element. 0.4X long Yagi, measured by NBS, left, and 
predicted by theory, right. 


22 G9 february 1980 






In the NBS paper a set of six specific Yagi designs 
is shown ranging in overall length from 0.4 to 4.2 
wavelengths. If you refer directly to the NBS publica¬ 
tion you will note that the first director for the 0.4X 3- 
element design is shown in NBS Fig. 9 to be 0.442X 
long rather than 0.424X, as shown in NBS Table 1. 
With this correction, the specifications for these six 
NBS Yagi designs are listed here in table 1. 

I have calculated the theoretical gains for these six 
Yagi designs and also their theoretical patterns for 
comparison with those shown in the Viezbicke paper 
(NBS Figs. 14 through 19). For convenience in mak¬ 
ing comparisons, the NBS patterns and my newly 
■calculated theoretical patterns are shown side by side 



fig. 6. Comparison of the £ and H plane radiation patterns 
for a 5-element, 0.8X long Yagi, measured by NBS, left, and 
predicted by theory, right. 


in figs. 5 through 10. It is apparent that for all cases 
there is a striking similarity, not only in the qualitative 
details of lobe structure, but in most quantitative 
aspects! Careful scrutiny of the experimental results 
show some variances between the two halves; theo¬ 
retically, of course, the two halves are totally sym¬ 
metrical. Agreement of this kind is gratifying and 
demonstrates that the experimental patterns were 
made with great care and also that the theoretical 
calculations seem to give valid answers. This is 
especially comforting since the 4.2X Yagi design is 
very long and contains many parasites. This is pre¬ 
cisely the situation where theoretical approximations 
(cylindrical element resonant lengths, mutual, and 
self-impedances) are most sensitive. 

The gain of each of these Yagi designs can be 
obtained in several ways, and it is illuminating to 
compare all methods. Table 2 shows a comparison 
of three experimental methods, all derived from the 



fig. 7. The £ and H plane radiation patterns of a 6-element 
Yagi with a length of 1.2X — measured (left! vs theory 
(right). 


NBS data, and my theoretical calculations. Column 1 
shows the NBS measured gain referenced to a half¬ 
wavelength dipole, but corrected to give isotropic 
gain (dBi). Column 2 shows the gain calculated from 
the measured half-power main beam angles by the 
usual formula, dBi = 10 log (41253/Q H 0 £ ), where 
the H and E half-power angles are measured in 
degrees. 4 The third column is derived entirely from 
the experimental NBS patterns; in each case I have 
calculated the directivity by appropriately summing 
all 10 degree intervals. This pattern averaging, if care¬ 
fully done, should yield a reasonably reliable result, 
free from any systematic error (due to ground reflec¬ 
tions, for example). The last column is the result of 
my theoretical calculations made on each design. 



fig. 8. The £ and H plane radiation patterns for a 12-element 
Yagi with a length of 2.2X — measured (left! vs theory 
(right). 


february 1980 QB 23 





COMPUTED 


In table 2, note that column 1 (NBS measure¬ 
ments) and column 4 (theory) are in agreement with¬ 
in Viezbicke's stated estimated accuracy of about 0.5 
dB with the exception of the value for the 2-element 
Yagi (discussed earlier). Column 2 is derived from 
measured half-power angles; it is quite difficult to 
determine such angles with any great precision and, 
moreover, the method is nothing more than a crude 
approximation at best. Column 3 (derived from NBS 
experimental patterns) is in remarkable agreement 
with theory in all cases, especially considering that 
the summation in 10 degree intervals is really too 
coarse and that values in these 10-degree intervals 
were only "eyeballed" from the published NBS 
patterns. 


table 2. Gain of six different NBS-designed Yagi antennas, in 
dBi, as determined by four different methods. 


NBS Yagi 
type 

2 element (0.2X) 

3 element (0.4X1 

5 element (0.8X) 

6 element (1.2X) 
12 element I2.2X) 
17 element (3.2X) 
15 element (4.2X) 


calculated 
NBS from 

measure- half-power 
ments beamwidth 
4.77 7.50 

9.25 10.02 

11.35 11.86 

12.35 13.90 

14.40 15.28 

15.55 16.63 

16.35 17.38 


pattern computer 
integration derived 
6.71 6.70 

9.62 9.16 

11.41 10.73 

12.64 11.80 

14.28 14.04 

15.47 15.20 

16.22 15.71 


table 3. Measured and calculated gain in dBi of Yagi anten¬ 
nas with average director lengths. 


NBS Yagi director 

type length 

5 element (0.8X) 0.4260X 

6 element (1.2X) 0.4240X 

12 element (2.2X) 0.4017X 

17 element (3,2X1 0.3946X 

15 element (4.2X) 0.4008X 


NBS 

measured computed 

gain gain 

11.27 10.68 

12.24 11.71 

13.92 13.62 

14.83 14.68 

15.55 15.15 


effect of director length 

Fig. 7 in the NBS report shows an interesting 
experimental result: The selected designs are superi¬ 
or in gain to simplified Yagis (all directors of equal 
length) for booms longer than about one wavelength. 
Although Viezbicke did not give the lengths of the 
directors used for the simplified Yagis, I have made 
calculations using directors with lengths that are the 
average of those used in each of the five longer 
Yagis. His measurements of gain and my theoretical 
calculations are shown in table 3. Again, these 
results are in satisfactory agreement. 

Fig. 11 shows a graph of my theoretical results for 
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fig. 9. £ and H plane radiation patterns of a 17-element, 3.2X 
long Yagi - measured (left) vs theory (right). 


both tables 2 and 3, together with the published 
NBS experimental points. Note that the theoretical 
results support the idea that while the simplified 
(equal director length) Yagi is just as good as a more 
sophisticated design for booms shorter than one 
wavelength, a slight gain improvement in the gain of 
long Yagis is apparently possible by using directors 
of different lengths. 

Viezbicke's Fig. 9, reproduced here as fig. 12, 
shows the results of an interesting experiment in 
which gain for a given Yagi design was measured 
using a series of different director lengths. Gain 
curves were produced for each of a wide range of 
element diameters. These measurements allow an 
interesting test of the theory of the reactance of 
cylindrical elements (see eqs. 4, 5, and B in my previ¬ 
ous article). 1 In principle, the peak of each gain curve 



long Yagi - measured Deft) vs theory (right). 
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should correspond to a single element reactance; this 
reactance value should, of course, be the same for all 
peaks. The reactance of the directors can be calcu¬ 
lated from eqs. 4, 5, and 6 using the lengths of an 
element which gives the peak gain for each element 
diameter. From fig. 12,1 have estimated, as carefully 
as possible, the lengths of elements which produce 
peak gain; table 4 shows the results. 

The standard deviation actually corresponds to an 
element length variation of only 0.3 per cent; it is like¬ 
ly that such an error could easily occur in estimating 
the position of the peak gain or even in physically 
constructing the elements used in the experiment. 
Thus, this experiment seems to give strong support 
for the theory of cylinder length resonances. 


table 4. Element lengths (estimated from fig. 12) which pro¬ 
duce maximum gain, their resonant length LER. and the re¬ 
actance X in ohms. Average reactance is -77.22 ohms; 
standard deviation is 2.24 ohms. 

element length 

diameter inches (cm) 

0.08 cm 13.163 (33.4) 

0.16cm 13.033 (33.1) 

0.32 cm 12.767 (32.4) 

0.64 cm 12.358 (31.4) 

0.95 cm 12.093 (30.7) 

1.27 cm 11.860 (30.1) 

1.59cm 11.674 (29.7) 

2.54cm 11.191 (28.4) 


gain variations 

Perhaps one of the most interesting experimental 
results of the NBS work is the strange “oscillating" 
gain characteristic shown in Viezbicke's Figs. 4, 5, 
and 6, reproduced here for convenience in figs. 13, 
14, and 15.1 have attempted to calculate a number of 
these cases and although the oscillating gain phe¬ 
nomenon does show up, the detailed agreement 
between experiment and theory is not impressive. 
Flowever, I have found that the exact behavior of 
these long and heavily (director) loaded arrays is criti¬ 
cally dependent on frequency and/or exact director 
lengths. Accordingly, I have run calculations for sev¬ 
eral frequencies around the central frequency (nor¬ 
malized to unity). The results are shown in fig. 16, 
where the theoretical calculated points for each fre¬ 
quency are connected by line segments for clarity. 

Superimposed on the plots of fig. 16 are Viez¬ 
bicke's experimental points, which should corre¬ 
spond to the theoretical calculations. The theoretical 
results generally show that the accurately computed 
points do not really lie on a smooth curve; this is the 
reason connecting lines are used. Theory does give 
the oscillating gain phenomenon, but it also shows 


LER 

0.4816X 

0.4791X 

0.4759X 

0.4714X 

0.4680X 

0.4650X 

0.4622X 

0.4548X 


X 

(ohms) 

-81.07 

-75.63 

-75.88 

- 78.57 
-78.28 

- 77.93 

- 76.68 
-73.70 



fig. 11. Graphical comparison of the data from tables 2 and 3 
showing theoretical (computed) gain and measured gain 
figures published by NBS. Computed curves support NBS 
Report B8S which shows slight gain increase is possible with 
different-length directors. 


that the details depend sharply on the exact transmit- 
terfrequency. Pretty good agreement can be obtained 
between experiment and theory if it is assumed that 
slightly different frequencies (± 1 to 3 per cent) were 
used from experiment to experiment. It is perhaps 
significant that the most likely frequency does not 
appear to be systematically high or systematically 
low. It is unfortunate that Viezbicke neither specified 
frequency accuracy, nor published the exact fre¬ 
quency for each experiment. 

The theoretical results are interesting from three 
points of view. First, for a given frequency the calcu¬ 
lated points do not appear to lie on a smooth curve; it 
is likely that the gain varies somewhat with side- and 
back-lobe structure. The calculated F/B ratio varies 
greatly from point to point and it would seem reason¬ 
able that there would be some reaction on forward 
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LENGTH OF DIRECTORS (INCHES) 

fig. 12. Measured gain vs director length at 400 MHz for a 
Yagi 1.25X long, using three directors of different length and 
diameter, spaced 0.35X. 
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gain. Secondly, for long Vagis the results vary signifi¬ 
cantly with the exact frequency used! Third, detailed 
calculations show that beyond the end of the first 
"oscillating" gain cycle. Vagi gain is not maximum in 
the plane of the Vagi; instead, the front beam 
appears to develop a central dimple causing maxi¬ 
mum gain to occur at an appreciable elevation angle. 
(The plots in fig. 16, however, show only the gain at 
zero elevation angle because this is what was pre¬ 
sumably done in the NBS experiments). 

Note that all three of these behavioral aspects of 
long Yagis derive from theoretical computations; 
they were not even suspected by the NBS experi¬ 
menters! This illustrates the point that an extensive 
variety of Yagi configurations can be explored much 



tors) for different constent spacings between directors of 
length equal to 0.382X (Fig. 4. NBS Report 688). 

faster theoretically, and with much more relative 
accuracy, than can be accomplished experimentally. 
As a result, new concepts and understanding are 
emerging. 

summary 

Let me summarize the overall comparison of the 
experimental results of the NBS group with the theo¬ 
retical results. The comparisons show total agree¬ 
ment on Yagi gain for an astonishing range of models 
with the single exception of the direct measurements 
on a 2-element beam. A gain figure derived from the 
measurement of the pattern of the 2-element beam, 
however, does agree with theory; it is my belief that 
some unanticipated error was made by the NBS 
group in their measurements. 

The comparisons also show excellent agreement 
for Yagi patterns, again over a wide range of models. 
This should be a very sensitive test of the accuracy 
with which mutual and self-impedances are repre¬ 



langth equal to 0.411\<Fig. 5, NBS Report 688). 

sented, as well as the resonant frequency calcula¬ 
tions of cylindrical elements. This latter point is also 
strongly supported by the consistent values of para¬ 
sitic element reactance for elements whose diam¬ 
eters vary over a range of greater than 30 to one. 

Finally, the strange "oscillating" gain phenome¬ 
non observed by Viezbicke can be reproduced theo¬ 
retically. Agreement is only qualitative if the NBS 
group used an accurate 400.0 MHz frequency in their 
tests; however, the comparisons suggest that they 
may have actually used a nominal "400 MHz," with 
frequencies within a range of ±3 per cent. In this 
event, the comparisons indicate a potentially remark¬ 
able agreement in quantitative aspects as well. 

Since these comparisons include very long Yagi 
models (up to 6X long) and correspondingly large 
numbers of parasitic elements (up to 40), it seems 
certain that the computational methodology I have 
outlined should be generally trustworthy. This should 
be especially true for shorter antennas (with fewer 
elements) with which I will be primarily concerned 
throughout this series of articles. Especially note¬ 
worthy is the fact that all computed results contain 



tors) for different constant spacings between directors of 
length equal to0.424\(Fig. 6. NBS Report 688). 
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have been normalized to the center design frequency. 
Points which are not interconnected are experimental data 
published in NBS Report 688. 

no adjustable constants or parameters ; they are all 
derived from basic physical principles using ade¬ 
quately accurate mathematical approximations. 
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high-performance 

broadband balun 


Theory and design 
of broadband 1:1 baluns, 
with construction details 
for an 
improved model 
of the well-known 
W1JR balun 

Sometimes equipment that looks the simplest to 
build is really the trickiest to make work, and vice 
versa. Take, for instance, a balun. What sounds 
simpler than wrapping a few turns of transmission 
line around a toroid and getting a balun? Or do you? 
My experience is that you may, but then again you 
may not. 

Over the last few years many articles have 
appeared on the 1:1 balun, but absolutely no infor¬ 
mation — to the best of my knowledge — on why 
they work, how to design one, or, equally important, 
howto test one. 

Almost 100 years ago, the eminent British physi¬ 
cist, Lord Kelvin, said, in effect, "If you can express 
what you are speaking of in numbers, you under¬ 
stand it. If you cannot express it in numbers, your 
knowledge is very meager and unsatisfactory." From 
this standpoint, our knowledge of 1:1 baluns is "very 
meager and unsatisfactory" indeed! 

In this article I give a brief description of the histori¬ 
cal development of the balun, explain how a 1:1 
balun works, include a procedure for designing a 
balun, show some pitfalls that are all too easy to fall 
into, and finally present some test results on a balun I 
have built. 

brief history 

The concept of a broadband balun made by wind¬ 
ing a transmission line into an inductance originated 
in 1944 by G. Guanella 1 of the Brown-Boveri Com¬ 
pany in Switzerland. In 1959, Ruthroff 2 of Bell Labo¬ 
ratories wound the transmission line onto a ferrite 
toroid and obtained bandwidth ratios as high as 


20,000:1. His paper appears to be the takeoff point 
for the present balun designs. In the Amateur litera¬ 
ture, Dick Turin, 3 Jerry Sevick, 4 Bill Orr,5,6 anc | j oe 
Reisert 7 have all presented articles on broadband 
baluns. 

theory of operation 

Consider a balanced transmission line of character¬ 
istic impedance Z c /, = R L , wound into an induc¬ 
tance, and feeding a balanced load R L , as shown in 
fig. 1 (A). The normal transmission line currents, ij 
and i 2 , are out of phase; their magnetic fields cancel, 
and the inductive reactance is essentially zero or, at 
least, very low compared with the transmission-line 
characteristic impedance. As far as these currents 
are concerned, the balun appears only as an added 
length of transmission line, of characteristic impe¬ 
dance Z ch , tied to the end of the usual unbalanced 
transmission line whose characteristic impedance is 
also Zch- If the load is balanced with respect to 
ground, the voltage at the junction point G will be 
zero with respect to ground; the current i g will also 
be zero. 

That this is true can be seen from the following 
argument: Assume that the voltage at G is not zero; 
the unbalance can be represented by a voltage gen¬ 
erator, which causes a current i g to flow, as shown in 
fig. 1 (B>. This current divides into tvyo in-phase cur¬ 
rents, i g = ij + U, which flow through the two 
windings of the balun. Since these currents are in 
phase, their magnetic fields will add instead of can¬ 
celling, and the balun winding will appear as an in¬ 
ductance. If the inductive reactance of the balun 
winding is sufficiently large compared with R L /2, the 
in-phase currents that cause the unbalance will be 
essentially zero compared with the normal transmis¬ 
sion line currents, i; and i 2 . 

Thus, if the balun is working properly, it will pro¬ 
vide a high impedance to in-phase components and a 
low impedance to out-of-phase components, effec¬ 
tively isolating the balanced and unbalanced sides of 
the balun. 

In theory, then, the problem of designing a balun 
boils down to simply winding an inductance to pro¬ 
vide a high impedance over the required frequency 

By John J. IMagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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fig. 1 (A): Basic 1:1 balun schematic. Circuit transforms an 
unbalanced transmission line of impedance Z ch to a bal¬ 
anced load R l . where R L = Z rh . (B): Schematic of a 1:1 balun 
showing an unbalanced condition represented by an un¬ 
balanced generator. E UNBAl . (C): A 1:1 balun with a tertiary 
winding, E-F. (D|: The left-hand drawing shows an inductor 
with a few of the possible infinitesimal stray capacitors. 
These can be equated to one shunt capacitor, as shown in 
the right-hand drawing. 

range. Unfortunately, life is not always simple; 
neither are baluns, for although their theory is 
simple, their actual design is quite involved. First, de¬ 
signing an inductance to provide a high impedance 
over a wide frequency range can be a substantial 
problem. Second, for the winding to be a high impe¬ 
dance over any frequency range, the current required 
to magnetize the core must flow without disrupting 
the desired signal current and the voltage relation¬ 
ship existing in the balun or load. In a 1:1 balun, this 
is accomplished by adding a tertiary winding, as 
shown in fig. 1 (C). This tertiary winding, in turn, 
must be designed and constructed so that it does not 
create any additional problems of its own. But, as 
we'll see later, although the tertiary winding will con¬ 
siderably complicate matters, it is absolutely essen¬ 
tial if acceptable balance and good low-frequency 
response are to be obtained. I'll now discuss these 
problems in detail as they are related to balun design. 


inductance 

In designing an inductor to be used over a wide 
bandwidth, the basic problem is capacitance — stray 
capacitance. Schematically, an inductor is drawn as 
a coil of wire; note the solid line in fig. 1 (D). Physi¬ 
cally, however, stray capacitance is present as sug¬ 
gested by the dotted lines. Actually, the capacitance 
is distributed; i.e., it exists between every infinitesi¬ 
mally small length of coil and every other infinitesi¬ 
mally small length of coil; it is not discrete, as implied 
in fig. 1 (D). The effectiveness of these incremental 
capacitors depends on how much energy each one 
stores. The energy stored by a capacitor is equal to 
energy = | CE 2 , where C is the capacitance in 
farads and E is the voltage across the capacitor ter¬ 
minals; therefore, it is important to minimize the 
capacitance across those parts of an inductance 
where the voltage is the largest; i.e ., at the ends of 
the coil. Unhappily, this is not always possiblel 

Since it's very difficult to consider all the incre¬ 
mental capacitors in analyzing the behavior of an 
inductance, it has become standard practice to 
hypothesize a single capacitor connected across the 
entire coil storing the same amount of energy as all of 
the incremental capacitors and to call this the stray 
capacitance of the coil. 

As the frequency across the inductance is in¬ 
creased, a frequency will be reached where the 
inductance and stray capacitance will become paral¬ 
lel resonant; at this frequency, the inductor will 
appear as a very high resistance. As the frequency is 
further increased, the reactance decreases to zero. 
At the series-resonant frequency, the coil impedance 
becomes very low. For a balun, the series-resonant 
region must be avoided, as all isolation between the 
balanced and unbalanced sides of the balun is lost. 
My experience has been that it's necessary to limit 
operation to about one octave below (one-half) the 
series-resonant frequency, or else the balun phase 
and amplitude balance balun will be upset. 

Probably the most readable and useful discussion 
of wideband inductor design in either the profession¬ 
al or Amateur literature was written by Vernon 
Chambers 8 over 25 years ago. Chambers' article 
refers to the design of rf chokes, but the basic prob¬ 
lems are similar to baluns. More recently, Doug 
DeMaw 8 has written a very helpful article on toroid 
inductor design. 

As implied previously, one of the most effective 
ways of reducing the distributed capacitance is to 
separate the ends of the winding as much as possi¬ 
ble. This brings us to the concept of the super toroid. 

super toroid 

The super toroid was developed in the 1970s by 
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T.A.O. Gross, 10 primarily as a means of reducing 
stray pickup from external fields, but was introduced 
to the Amateur community only recently by Reisert. 7 
With the super toroid, one-half the circumference of 
the toroid is wound in the usual manner. The winding 
is then taken across the diameter of the core and the 
last half wound in the opposite direction, as shown in 
fig. 2. The advantage of this type of winding for 
balun application is that the ends of the winding, 
where the voltage is the highest, are at opposite 
sides of the core where the capacitance is minimum. 

Every inductor I've wound using the super toroid 
technique has had bandwidth characteristics superi¬ 
or to the same core wound with an equal number of 
turns in the usual manner! Why not use the super to¬ 
roid concept, then, in the balun? The problem is the 
tertiary winding. 

tertiary winding 

As we know, a balun functions by providing a high 
impedance, usually inductive, between the balanced 



ter in the photograph. 

and unbalanced sides. To obtain this inductance, it's 
necessary that a path be provided for magnetizing 
current. Ruthroff 2 states that with the balanced load 
disconnected, a dc path must exist between the un¬ 
balanced input side and ground. The way of provid¬ 
ing this is to use a tertiary winding as shown in 
fig. 1(0. 

This circuit is easier to visualize if redrawn in the 
form of an autotransformer as shown in fig. 3. Volt¬ 
age levels with respect to ground are also shown, 
and it is seen that the effect is that of a 1:1 autotrans¬ 
former with the voltages on the balanced side low- 



fig. 3. A balun with a tertiary winding drawn in the form of 
an autotransformer. The voltage across each winding is | 
volts. 

ered by ^ volts, compared with the unbalanced input 

voltage. The total voltage across either the input of 
the balun or the balanced output, however, is still the 
same, £ volts. 

The path for the magnetizing current is also evi¬ 
dent: from the unbalanced generator through wind¬ 
ings A-B and then E-F to ground. The important 
point to note is that the magnetizing current does not 
pass through either half of the load impedance. If the 
balun is to couple a balanced generator to an unbal¬ 
anced load, and the unbalanced side is open cir¬ 
cuited, the magnetizing current will pass through the 
tertiary winding, E-F, and the lower half of the trans¬ 
mission line, C-D, back to the balanced generator 
without passing through the load impedance. 

practical considerations 

To show the practical need for tertiary winding, I'll 
discuss the effects that the lack of a tertiary winding 
will have on balun performance. Consider the 1:1 
balun with no tertiary winding, as shown in fig. 4. 
Because of the instrumentation considerations, it's 
easier to use a balanced load, consisting of two 
equal-value resistors, each of value and to make 
measurements at the unbalanced side rather than 
vice versa, which would require a balanced impe¬ 
dance bridge. The center of these two resistors may 
be grounded, as in fig. 4 (B), or ungrounded, as in 
fig. 4 (A). If the balun is working properly, there will 
be no difference whether the resistors' center is 
grounded or not. Any differences can give an impor¬ 
tant clue as too the type of problem being encoun¬ 
tered. In all cases, I’ll assume the total load impe¬ 
dance, R l , is equal to the characteristic impedance, 
Z c i„ of the transmission line. 

First, let's assume the center tap of the load is not 
grounded, as in fig. 4 (A). The resistive component 
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fig. 4. Test circuit for a 1:1 balun without a tertiary winding, 
with and without the load impedance centertap grounded. 
Z rh = R l in both cases. 

of impedance looking into the unbalanced end will be 
R l ohms regardless of the frequency. In fact, it will 
tje R l ohms if measured with a dc ohmmeter. 

Thus, you can be lulled into a false sense of securi¬ 
ty if you depend on impedance measurements alone. 
This happened to me. I ran down to the low frequen¬ 
cy limit of the signal generator, and the impedance 
remained on 50 ohms! But let's look at what happens 
to the balance in the output voltage in both magni¬ 
tude and phase. This latter point does not appear to 
have been considered by most writers on baluns. 

phase shift 

Ideally the voltages between point B and ground 
and D and ground (fig. 3) should be equal in magni¬ 
tude and opposite in phase. Each of these voltages 
should also be equal to one-half the voltage between 
A and ground (the input voltage). As the frequency 
is lowered below that at which balun action is effec¬ 
tive, the voltage at B will approach that at A, and the 
voltage at D will approach zero. The total voltage 
across R L is still equal to the input voltage but not 
balanced with respect to ground. 

The need for magnetizing current can be verified 
by making voltage and phase measurements across 
the two halves of the balanced load. The phase and 



fig. S. No tertiary winding. Phase and amplitude of balanced 
output voltages — load centertap not grounded, as in fig. 
4tA). 


magnitude of the output voltage as a function of fre¬ 
quency are shown in fig. 5 for the case where the 
load resistance centertap isn't grounded. The ampli¬ 
tude measurements are shown in dB with respect to 
the input voltage; the voltage across each half of the 
load resistor should be one-half, or 6 dB down, from 
the input voltage. The phase measurements are the 
phase difference between the balanced output volt¬ 
ages; these, of course, should be 180 degrees apart. 
These measurements are plotted in fig. 5. 

After looking at fig. 5, you're probably thinking, 
"No well-behaved balun would act like that. There 
must be something wrong with his test setup." My 
answer is that the balun is not well behaved and 
there's nothing wrong with the test setup. 

Let's look at the same balun, measured at the 
same time, with the same equipment, but with the 



fig. 6. Same as in fig. 5 but with the load centertap grounded 
to provide a path for the magnetizing current. This balun is 
usable between 3 and 36 MHz. 


load-resistor centertap grounded. The magnetizing 
current now has somewhere to flow. The amplitude 
and phase responses shown in fig. 6 are very close to 
what one would expect. The balun appears to be 
usable over 3-35 MHz, just by groundirtg the load im¬ 
pedance centertap! This, I believe, demonstrates the 
necessity of providing a path for the magnetizing 
current. 

Before leaving the subject, look at the input impe¬ 
dance of the balun with and without the load center- 
tap grounded, as shown in fig. 7. There is very little 
difference between the two impedance curves, so 
we can conclude that impedance measurements by 
themselves are not necessarily a good measure of a 
balun's actual performance. 

So, a path for the magnetizing current is absolute¬ 
ly necessary, but grounding the centertap may not 
be practical in all cases and it causes an unbalance 
even when it is possible. This result leads us to look 
at another way of providing a path for the magnetiz¬ 
ing current, namely, a tertiary winding. 

coupling between windings 

As previously noted, the tertiary winding is con¬ 
nected between the high side of the balanced output 
and ground as shown by E-F in figs. 1 (C) or 3. You'll 
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dure can now be worked out as follows: 



fig. 7. Input impedance of 50-ohm balun without tertiary 
winding. Load impedance = 55.7 ohms balanced. 


observe that it must support a voltage of ~ volts, the 

same as each of the main windings. In fact, if accu¬ 
rate amplitude and phase balance are to be main¬ 
tained at the balanced terminals, the voltage across 
all three windings must be the same at all frequen¬ 
cies. This implies that the coupling between all three 
windings must be very tight; indeed, the tightness of 
coupling is one factor that determines the balun 
bandwidth, a need that doesn't seem to have been 
pointed out before. 

The degree of coupling between the main wind¬ 
ings is not a problem as these windings are part of a 
transmission line. The coupling between these wind¬ 
ings and the tertiary winding, however, is crucial. I'll 
discuss how to accomplish tight coupling when I 
describe construction details. 

The requirements imposed on the tertiary winding 
are basically the same as those on the main winding: 
first, the tertiary must support a voltage of sec¬ 
ond, the series-resonant frequency should be at least 
one octave above the highest operating frequency; 
and third, the tertiary winding must have the same 
number of turns as the main winding and be very 
tightly coupled to it. 

impedance levels 

There seems to be a difference of opinion about 
the inductive reactance required on a balun winding. 
The usual number given suggests that the reactance 
at the lowest operating frequency should be at least 
ten times the characteristic impedance of the balun. 
This might be a good number to use if the entire in¬ 
put voltage, E, were across the balun winding. Ac¬ 
tually, only one-half the input voltage is across any 
one winding so that the reactance-to-characteristic- 
impedance ratio can be reduced to 5. In his article, 
DeMaw 9 suggests a value of 4; this ratio will give a 
maximum VSWR of 1.64:1, which is better than most 
Amateurs achieve anyway. 

design procedure 

With the preceding background, a design proce- 


1. Number of turns and core size. The first prob¬ 
lem is to select a core size and determine the number 
of turns. These two choices are interrelated. If good 
high-frequency performance — above 30 MHz — is 
required, small physical size is important. Where 
good low-frequency performance is important 
and/or high power will be used, a large size is indi¬ 
cated. If all three characteristics are desired, obvious¬ 
ly compromises must be made. 

Based on the experience of Reisert, 7 I started with 
an Indiana General F-568-1 core of Q-1 material. 
Next, I wound a test coil on the core; it's not neces¬ 
sary to use actual transmission line for this test wind¬ 
ing provided the winding has the same form as that 
of the final winding. I used no. 16 (1.3-mm) enamel 
wire with the turns spread out to occupy the same 
space as the final transmission line (RG-141/U coax 
in this case). 

Next, I measured the coil impedance over the fre¬ 
quency range of interest, 3.5-30 MHz. The reactance 
should be at least four to five times the characteristic 
impedance over the entire frequency range desired. 

It's a good idea to extend the impedance measure¬ 
ments to at least one octave above and below the 
wanted frequencies to ensure that the impedance is 
well behaved. You should find that the reactance 
peaks up at a given frequency, then falls off, and 
eventually goes negative. The peak is the parallel-res¬ 
onant frequency of the winding. The frequency at 
which the reactance is zero is the series-resonant fre¬ 
quency; this frequency must be at least twice the 
highest frequency at which the balun will be used. 



fig. 8. Susceptance of a ten- and twelve-turn coil on a 
F-568-1 core of Q1 material. 


Generally speaking, it will be found that, for a 
given core and winding form, the ratio of highest-to- 
lowest usable frequency will be approximately con¬ 
stant. Changing the number of turns will just slide 
this ratio up or down on the frequency scale. 

Measurements made on a 10- and 12-turn balun 
are shown in fig. 8. I've plotted susceptance 
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(B = since a high reactance or low susceptance 

is desired; the curve would be off the paper over 
most of the frequency range for any reasonable reac¬ 
tance scale. If it's required that the reactance be 250 
ohms (five times the characteristic impedance), the 
required susceptance range is between -4 milli¬ 



ng. 9. The measured resistive and reactive components of 
input impedance of a 12-turn balun with a tertiary winding. 
The load impedance was 55.7 ohms. The theoretical resis¬ 
tive component is shown by the dotted line. 

siemens and 4 millisiemens.* This places the low-fre¬ 
quency limit at about 2 MHz for the twelve-turn 
winding and 3 MHz for the ten-turn. 

The real (resistive) component of impedance, if 
measured on a series equivalent basis, should be no 
more than one-tenth, and preferably one-twentieth, 
the load impedance. If this component is measured 
on a parallel basis, it should be at least ten to twenty 
times the load impedance. 

If you can't get enough turns on the core, you'll 
have to use a larger core or a higher permeability 
material. I found that twelve turns would cover 2 
MHz through 30 MHz. Comparing my frequency 
range with Reisert's, 7 I found that Reisert required 
the reactance of the winding to be at least ten times 
the characteristic impedance of the line, while I 
allowed the reactance to drop to five times the load 
impedance. 

We can now turn our attention to the transmission 
line. 

2. Transmission line. It doesn't seem to be general¬ 
ly appreciated, but the characteristic impedance of a 
balun transmission line must match the load impe¬ 
dance. This is not because of VSWR considerations 
but to obtain a flat frequency response at the high- 
frequency end of the balun. This implies two require¬ 
ments which are seldom true in the Amateur case; 
First, the antenna impedance must be accurately 
known, whereas it is usually estimated. Second, 
even if you do know your antenna impedance, how 
do you design a transmission line suitable for balun 

•Millisiemens are the SI units of conductance and susceptance replacing 


use with that impedance? Since the design of balun 
transmission lines would take an article itself. I'll not 
consider it further. 

To see the effect of a mismatch, let's jump ahead 
and look at the measured input impedance of the fin¬ 
ished balun, which is shown in fig. 9. Here, the 50- 
ohm coax was terminated in a 55.7-ohm balanced 
load. By Amateur standards, this is a very close 
match, yet the input impedance sags by more than 
10 per cent at 30 MHz. Why? 

To find out, let's go back to the basics. The length 
of coax used to wind the balun measured a quarter- 
wavelength long at 45.33 MHz. At this frequency, 
then, the input impedance for a 55.7-ohm termina¬ 
tion should be 44.88 ohms caused by the quarter- 
wave impedance inversion effect. For lower frequen¬ 
cies, the theoretical input impedance, as calculated 
from the transmission-line equation, is shown by the 
dotted line; in fig. 9 note that the measured and 
theoretical are within 1 or 2 ohms to beyond 30 MHz. 

I could therefore have dramatically flattened the in¬ 
put impedance curve by securing a better impedance 
match at the output end. 

If a balun designer were to look at the drooping in¬ 
put impedance curve, without realizing its true 
cause, he would think he had a bad design. On the 
contrary, there's nothing wrong with his balun that a 
better match wouldn't cure. 

A mismatch has another detrimental effect — 
namely, it adds reactance. Assuming the mis¬ 
matched load is a pure resistance and the mismatch 
is small, which I have, the maximum reactance will 
be generated when the balun is about one-eighth 
wavelength long, or at about 22.6 MHz in this case. 
Notice the dip in reactance around that frequency. 

This also points out the fact that, where a mis¬ 
match may occur, the balun winding should be as 
electrically short as possible. If the balun described 
were to be used on a triband beam for, say, 10, 15, 
and 20 meters, at least one turn, and possibly two, 
should be removed from the balun. 

The rise in reactance at the low-frequency end is 
caused by the shunting effect of the tertiary winding. 
If it's assumed that the series equivalent reactance 
must be less than one-tenth the load impedance, the 
limiting frequency for this effect is less than 1.5 MHz. 

Since this balun will be used in a 50-ohm system, a 
50-ohm line will be used: RG-141 /U, which is coaxial 
cable. I'm not particularly happy about using coaxial 
cable for both electrical and mechanical reasons, but 
I haven't been able to construct a 50-ohm balanced 
line that I consider satisfactory; so coax it is. 

construction 

Before winding the toroid, let's consider the terti- 
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ary winding. I said earlier that the tertiary winding 
should have the same number of turns as the main 
winding and must be coupled very tightly to it. This 
latter requirement means that the tertiary must be 
wound as close as physically possible to the main 
winding. 

To ensure this, I removed the fabric covering from 
the RG-141/U but left the outer Teflon layer of insu¬ 
lation. I placed a length of no. 18 (1-mm) enamel wire 
against the Teflon and covered it with heat-shrink 
tubing. When the tubing had shrunk to size, I had a 
compact assembly that could be wound as a single 
unit on the Indiana General F-568-1 toroid core.* 

The proof of a balun is in how well the output volt¬ 
ages are balanced with respect to ground in both 
phase and amplitude. Fig. 10 shows these measure¬ 
ments. The amplitude deviation is from equal ampli¬ 
tude (zero dB), and the phase is the actual phase of 
the low side of the balun with respect to the high 
side. This value, of course, should be 180 degrees. 



fig. 10. Amplitude and phase measurements at the balanced 



fig. 11. The finished balun. 


to clarify some of the problems you must be careful 
about when designing and building a balun. I've 
emphasized the importance of 1) tight coupling be¬ 
tween the main and tertiary windings of a balun and 
2) good impedance matching between the balun and 
load. I feel strongly about this to the extent that I 
believe balun manufacturers should include impe¬ 
dance information in their specifications. 

I've also given one method of building a balun to 
minimize the adverse effects of these problems. I 
don't pretend that the balun design I've presented is 
the only way around the physical limitations of a 
balun; it's simply my best so far. 

I hope my discussion of balun problems inspires 
others to experiment and to produce a better balun. 
With ingenuity, testing and a bit of luck, the balun of 
the future can indeed be better than ever. 

references 


These measurements were made with a Hewlett- 
Packard model 8405A Vector Voltmeter. Notice that 
both deviations peak at about 40 MHz. This could be 
a manifestation of the impedance mismatch and the 
quarter-wavelength frequency. If so, it points out 
again the importance of an accurate impedance 
match between balun and load impedances. Even 
considering the mismatch effect, the balance isn't 
too bad. It's within 1 dB and 10 degrees to 30 MHz. 

conclusion 

I've attempted to explain how a balun works and 

*A complete kit of parts for the high-performance balun is available from 
Radiokit. Box 429. Hollis. New Hampshire 03049. 
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third-generation Touch-Tone decoder 


Another approach to 
the Touch-Tone decoder 
for your repeater or 
remote-base station 


between the high and low tones (twist) of over 6 dB 
don't affect performance. 

features 

The circuit provides the following features for use 
in a repeater or remote-base application: 

1) Sixteen outputs for use in control circuits 

2) Requires five tones of proper frequency and order 
within five seconds of the first digit before a control 
output is generated 


If you own a repeater or a remote-base station, 
you've probably been faced with the problem of 
coming up with a good Touch-Tone* decoder. Now 
you can throw away your toroids and NE567s. Also, 
you can throw away the falsing problems that go 
with these devices and still not throw away half a 
month's salary in the process. 

I'm talking about the Mostek MK5102N-5 decoder 
chip. 1 This device accepts the audible Touch-Tones 
and converts them to either row-column information 
or BCD four-bit binary information. The chip also pro¬ 
vides a valid strobe for logic interfaces. The only 
external parts required are a 3.579545-MHz TV color- 
burst crystal and a band separation filter-limiter 
circuit. 

To prevent falsing, the decoder requires 40 milli¬ 
seconds of valid tone before the strobe and outputs 
generate output information. When used in the cir¬ 
cuit described here, an input level variation above 20 
dB presents no falsing problems. Differences in level 

’Touch-Tone is the registered trademark of the American Telephone and 
Telegraph Company. 


3) Provides *, #, 1, and 0 for use in autopatch appli¬ 
cations (optional) 

4) All ten digits are available for use in a regeneration 
autopatch system (optional) 

5) Strobe and BCD information are available for use in 
external circuits 

6 ) Control outputs (command outputs) and phone- 
patch outputs can be either high-true or low-true 

7) Requires a single + 12 Vdc supply 

8) Cost is approximately $100 for all features 

Touch-Tone decoding has been covered in numer¬ 
ous articles. Therefore, I won't rehash all the basic 
information. Reference 1 gives a complete descrip¬ 
tion on how the MK-5102-N5 works. For our pur¬ 
poses let's just say that we put high group and low 
group in and get BCD information out. 


By James Wyma, WA7DPX, 12952 Osborne 
St., Arleta, California91331 
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fig. 1. Improved Touch-Tone decoder schematic using the Mostek MK5102N 5 decoder chip. A kit is available for the complete 
decoder or optional circuits Isee text). 
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circuit description 

The Touch-Tone decoder schematic is shown in 
fig. 1. Let's start at the audio input. IC-1A is one- 
fourth of a MC3401 op-amp used as a buffer ampli¬ 
fier. The1VIC3401 is a special op-amp constructed to 
run on single-ended power supplies. You'll note that 
provisions are made for two inputs on the decoder 
(RX audio and control RX audio). These inputs 
should be low level (approximately 20-30 mV p-p). If 
your receiver audio level is much higher than this, 
you may have to change the input-pot value or the 
value of the feedback resistor in the op-amp 
(between pins 8 and 9). 

The gain and input pot should be adjusted for a 
level of approximately 100 mV p-p (22 mV rms) when 
a tone corresponding to the digit 5 is being received 
(measured at IC-2 pin 4). Take care in setting up this 
level. If excessive levels, such as 1 volt p-p, are 
shown at this point, the decoder won't function 
properly. If both inputs are used, provisions should 
be made for gating the two signals so that only one 
signal is present at a time. This can be done by using 
a COR or PL logic level from the control receiver to 
gate a CD4066 analog switch. 

When a signal (or PL) is received on the control 
receiver, the repeater input is gated off and the con¬ 
trol input is turned on. When in the repeater-input 
mode (no control signal), the opposite occurs. If only 
one input is needed, delete the additional pot, resis¬ 
tor, and coupling capacitor. 

separation fiiter-limiter 

I mentioned earlier that the MK5102 needs a band- 
separation filter and limiter circuit. The ACF7711 
(IC-2) performs band separation. This could be done 
by cascaded bandpass amplifiers using op-amps as in 
reference 1. However, the ACF7711 has the advan¬ 
tages of size and temperature stability. 

To obtain the stability of the ACF7711 in a discrete 
op-amp circuit, high-precision capacitors and resis¬ 
tors are required, which aren't cheap. The two 47k 
resistors and the 1-#iF capacitor on IC-2 pins 6 and 7 
allow the filter to function on a single-ended supply. 
Don't omit the 1-/tF capacitor at this point. 

Speaking of capacitors, let's make a point at this 
time. All the 1-/tF capacitors should be of the low- 
leakage type. The two outputs (high and low group) 
of the separation filter feed into limiters (IC-1B and 
IC-1C). These amplifiers feed square-wave signals to 
the decoder. (For a more detailed description of the 
band separation filter and limiter, refer to the data 
sheets for the ACF-7711 and the Mostek MK-5102-N5, 
which are available from references 2 and 3 respec¬ 
tively.) 


Incidentally, a pin-for-pin equivalent of the 
ACF-7711 is made by Data Signal Corporation of 
Watertown, Massachusetts. However, I was informed 
by their sales manager, Mr. Clarence L. Walker, Jr. 
(after two letters and three phone calls to reach him) 
that: “We have plenty of business without dealing 
with a bunch of cheap hams who always want some¬ 
thing for nothing." So be it. I hope you bear this in 
mind if you plan to do business with this company. 

decoder-translator 

The limited signals are fed into the high- and low- 
group inputs of Mostek decoder IC-3. The output 
format pin (pin 6) is grounded so that the outputs are 
in the form of BCD-coded information. Note that the 
MK-5102-N5 is a 5-Vdc CMOS device. However, the 
control logic used in our repeater is high level CMOS 
(12 Vdc). This was done to obtain a higher noise 
immunity level on the circuits. This function is per¬ 
formed by IC-4and IC-9. 

IC-4 translates BCD information. IC-9 translates the 
strobe to high level CMOS. The F4104 1C provides 
both noninverted and inverted outputs. In the strobe 
case, both outputs are used. The BCD information 
from IC-4 is fed to IC-5, IC-6, and IC-7. The BCD 
information is also fed into the board edge connector 
for use in other auxiliary equipment (such as LED 
number display, auto-dialer, Touch-Tone regener¬ 
ator, or additional control circuits). 

The CD4514 and CD4515 (IC-5, 6 and 7) are 
BCD-to-16 output decoders. The CD4514 and 
CD4515 are identical except for the output states. 
The CD4514 has true outputs high, while the CD4515 
outputs are low. Other than this, the two>are pin-for- 
pin identical. What this means is that IC-6 could be 
replaced with a CD4514 if you needed command out¬ 
puts that were high instead of low. The same is true 
for IC-7. The device used in IC-5 must be a CD4514 
(unless you don't want things to work). 

mode-select logic 

After running through the translator, the strobe is 
fed to IC-8 pins 1 and 5. Pins 1 and 5 are inputs to 
two sections of the NAND gates. The other inputs 
(pins 2 and 6) of these two NAND gates go to IC-9 
pins 6 and 7. These two outputs of IC-9 are the non¬ 
inverted and inverted outputs of the input on pin 5. 
IC-9 pin 5 is what I call the "mode-select input" for 
the decoders. 

The state of the mode select (high or low) deter¬ 
mines whether the sequential control outputs or the 
phone patch outputs are enabled. To explain this, 
let's go through the logic when the mode select input 
is high. This condition corresponds to the control 
mode when the sequential control decoder is enabled. 
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A high on IC-9 pin 5 produces a high on pin 6 . This 
action causes a high on IC -8 pin 2. When a valid 
Touch-Tone digit is decoded, the strobe is high. This 
action places a high on IC -8 pin 1 . 

When both inputs (pins 1 and 2) of IC -8 are high, 
the'NAND output is low (pin 3). This output is con¬ 
nected to IC-5 pin 23 (the enable pin for the CD4514). 
When this pin is low, the inputs are enabled. When 
high, the outputs all go to a low state. It's necessary 
to return all the outputs to a low state for the sequen¬ 
tial decoder to function correctly. During this time, 
the phone-patch outputs are disabled because IC-7 
pin 23 is held high. A high on IC-9 pin 5 places a low 
(inverted output) on IC -8 pin 6 . Consequently, even 
though pin 5 is strobed high, the output remains 
high. This high state keeps IC-7 disabled. 

When the mode-select input is low a similar pro¬ 
cess occurs, except that IC-7 is enabled and IC-5 is 
disabled. IC -6 outputs are disabled by the sequential 
decoder. (This will be explained later.) The mode 
select input can be controlled by a COR or PL output 
on the control receiver. If your application doesn't 
require the phone patch output, the mode select pin 
should be wired to +12 volts. The phone-patch 
decoder (IC-7) can be deleted from the board. If you 
want the phone patch outputs but not the command 
outputs, ground the mode-select input. If this is done 
ICs5, 6 ,10,11, and 12 can be omitted. 

sequential decoder 

The heart of the sequential decoder is a CD4022 
(IC-12) Johnson Counter, the electronic equivalent 
of a stepping relay. For the counter to advance, the 
two clock inputs must be in the correct states and 
the master reset must be low. Each time the inputs 
are in the correct conditions (a code match) the 
counter advances one position. When the counter 
advances for the fourth time, a carry output is gener¬ 
ated. This output is called Q4-7. Q4-7 will be low dur¬ 
ing the fourth through seventh advances of the 
counter. 

To explain, let's run through a typical code 
sequence. The decoder is set up so that the first four 
digits are a common address for command func¬ 
tions. The fifth digit determines the actual command 
output from IC- 6 . From the time that the first digit is 
sent, the next four digits must be sent within approx¬ 
imately five seconds. The reason for this is that when 
someone starts sending random digits on a pad, he 
will have a hard time hitting the correct digits within a 
five-second period. 

Say that our address is 4-1-3-7. The outputs from 
the IC-5 are strapped to the D 1 through D4 inputs 
(see fig. 1). One way to do this is to use a wire wrap 
edge connector on the PC board. The correct code is 


wire wrapped from outputs to inputs. In our case, 
the output pins for 4, 1,3, and 7 would be strapped 
to D1, D2, D3, and D4 respectively. The four digit 
inputs go to one of the inputs of each section of the 
quad NAND gate, IC-11. The remaining input of the 
NAND gates is connected to IC-12, pins 2, 1,3, and 
7, the Johnson counter. These four pins correspond 
to Oq, 0-), O 2 , and O 3 of the counters. These are the 
first four positions in the counter outputs. 

The digit inputs, IC-11, diode CR1 through CR4, 
and the counter outputs form a sequential coinci¬ 
dence circuit. Each time a correct digit is in the prop¬ 
er position of the sequence, the counter will advance 
one position on the outputs. 

In our example the first digit is 4. A "4" places a 
high on IC-11 pin 1. The counter is in the reset posi¬ 
tion, so output Oo (pin 2) of IC-12 is high. These two 
highs cause a low on the NAND-gate output (IC-11 
pin 3). This signal is coupled through CR1 to the 
counter clock input. The other counter clock input is 
connected to the inverted strobe output of translator 
chip IC-9. 

These two simultaneous inputs cause the counter 
to advance if the master reset pin (IC-12 pin 15) is 
low. The master reset is connected to the IC-10 Q, a 
CD4528 monostable multivibrator. IC-10 is triggered 
by the high input from D1 (IC-10 pin 4). The resistor 
and capacitor values on IC-10 pins 1 and 2 multivibra¬ 
tor determine the time constant (the length of time 
that the MR pin [pin 15] on the Johnson Counter 
stays low). 

The values shown in fig. 1 give you about five sec¬ 
onds to enter the remaining three address digits 
(D2-4) and the command digit. Whpn the coinci¬ 
dence circuit has received digits 4-1-3-7-9, a low is 
placed on IC-12 pin 12 (Q4-7 output). This low turns 
on the enable input of IC -6 (pin 23). With the chip 
enabled, the BCD information on IC -6 input is con¬ 
verted to one of the sixteen corresponding output 
digits. These outputs are the command outputs, 
which drive the logic functions in your remote base 
or repeater. 

The CD4515 produces low true outputs. As previ¬ 
ously stated, a CD4515 can be used as IC -6 if you 
need high outputs to drive your logic. The command 
outputs will remain latched until the timer resets the 
master reset on the counter. These outputs will then 
return to all low for the CD4514 or all high for the 
CD4515. If you need latched command functions, 
the outputs could be used to drive a CD4043 or 
CD4044 quad R-S latch. If you need to drive relays, a 
CD4049 or CD4050 could be used as a buffer for the 
relays. If you need to drive outside information (amp 
or other equipment), the BCD-coded information and 
strobe are brought out to the edge connector pins. 
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XF9-NB 0.5 kHz 
9.0 MHz CRYSTALS 
XF900 9000.0 kHz 




9001.5 kHz LSB 

8999.0 kHz BFO 

Hc25/u Socket Chassis 


XF903 

£•05 _ _ 

F-06 Hc25/u Socket P.C. Board 

VHFandUHF FILTERS 

ELIMINATE IMD "BIRDIES" 

FROM YOUR RECEIVER. 

CLEAN UP YOUR TRANS¬ 
MITTER OUTPUT. 


Shipping 
ft.73 
per filter 


432 MHz PSf432 $5 

1296 MHz PSf1296 *5 

1691 MHz PSf1691 *5 

Shipping $3.50 


TRANSVERTERS FOR ATV 

OSCARS 7,8 & PHASE 3 

Transverlers by Microwave Modules and other manufacturers can convert your 
existing Low Band rig lo operate on Ihe VHF & UHF bands. Models also 
available lor 2M to 70cm and lor ATV operators Irom Ch2/Ch3 lo 70cms 
Each transverter contains both a Tx up-converter and a Rx down-converter 
Write for details ol ihe largest selection available. 

Prices start at $189.95 plus $3.50 shipping 



.. - r _,ASE 3 by adding the 434 ... 

including lull instructions$23.00 plus$1.50 shipping, etc. 

ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL.+12.3 dBd D8/2M $55.95 
8 BY 8 VERTICAL POL. D8/2M-VERT. $65.60 

8 + 8 TWIST \ 8XY/2M $57.75 


$88.25 



48 EL. GAIN + 15.7dBd 70/MBM48 
88 EL. GAIN + 18.5dBd 70/MBM88 

UHF LOOP YAGIS 

28 LOOPS GAIN+20dBI 50-ohm, Type N Connector 

1250-1340 MHz 1296-LY $59.90 

1650-1750 MHz - " 


nd 304 (2 stamps) lor 



:rystal products and all 1 


Spectrum 
Internationa I, Inc. 
||l Office Box 1084 C 
§Mass. 01742, USA 


power supply 

If a 12-volt battery is used, the resistor and zener 
diode should be used. (Omit the 7812 1C. It must 
have at least 14 Vdc to work). If a higher voltage is 
used, the 7812 regulator can be used (omit the 
zener). Select the value of the 560-ohm resistor for 
your particular input voltage. The value of the Ik 
resistor on the 7805 regulator should be selected so 
that approximately 7.5 volts is present at the regula¬ 
tor input. A 5-volt diode could be used. However, I 
prefer the regulator 1C because it filters out a lot of 
the garbage present on the supply line. The HEP170 
diode is for reverse-polarity protection. The fuse can 
be either on the board or mounted externally. If 
externally mounted, install a jumper on the PC board 
where FI is shown. 

a kit is available 

To assist those who have trouble finding parts, I've 
prepared a kit for the decoder. Please send checks or 
money order to Reliable 2-Way Radio, 513 W. 10th 
St., Casa Grande, Arizona 85222. Here's a list of the 


various options and prices: 

complete kit — all parts and PC board $140 

assembled and tested add $165 

kit — phone only 

(no sequential decoding) $130 

complete kit less PC board $115 

PC board only $ 25 


Prices include sockets for all ICs IMolex pins for 
ACF7711I. The price doesn't include edge connector for 
board. The edge connector is a Masterite, part no. 
000206-1159. The connector is available for $6 from Ihe 
above address. 

If you have questions or comments about the cir¬ 
cuit, send me a letter with an SASE for a reply. I'll be 
glad to answer your questions if I can. Good luck on 
your remote base or repeater. 
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how to modify 

surplus cavity filters 

for operation on 
144 MHz 


Simple conversion 
of surplus 
417/GRC filters 
for top performance 
on 2 meters 


While browsing through an electronics surplus 
catalog recently I came across a rather obscure item 
that immediately caught my attention: a small photo¬ 
graph of what appeared to be a dual-section reso¬ 
nant cavity assembly described as a "Bandpass Filter 
for 417/GRC Receivers." The published operating 
frequencies are listed in table 1. Since I had been 
playing around with homebuilt cavities for some time 
and was putting one to good use at my 2-meter base 
station, I thought it would be worthwhile to look into 
the surplus filters. 

I ordered the F-194/U bandpass filter that covers 
the 2-meter Amateur band* and was very pleased to 
find that it was indeed a dual-section tunable cavity 
resonator, beautifully built both electrically and 
mechanically, probably at considerable government 

*$12.95 from Fair Radio Sales, Post Office Box 1105, Lima. Ohio 45802. 


expense. The unit was neatly calibrated, rugged, and 
gold plated with low-loss Teflon insulation. 

I ordered several more of the same model for 
experimental use but was told that that particular 
unit was sold out. It then occurred to me that per¬ 
haps the lower frequency units could be converted 
for use on the 144 MHz 2-meter band. I placed an 
order for the only low-frequency models that were 
available: F-239/U (58.5-67 MHz), F-192/U (100-121 
MHz) and F-193/U (121-142 MHz). I was soon pleased 
to find that I was able to convert all three models for 
operation in the 2-meter Amateur band. The purpose 
of this article is to make more Amateurs aware of this 
unique surplus item and to outline the modification 
procedure for 2-meter operation. 

bandpass filters 

Cavity type bandpass filters have been around a 
long time and have been referred to by many names, 
such as resonant re-entrant cavity, coaxial bandpass 
filter, coaxial tank filter, coaxial TVI filter, tuned cav¬ 
ity filter, stripline filter, trough line filter, etc. Such 
cavities have been built in many different sizes and 
shapes; filter construction projects in the Amateur 
magazines have been based on common household 
items from beer cans to coffee tins, metal chassis, 
rectangular project boxes, and paint cans. The 
theory of operation of a cavity resonator can be 
described briefly as such: A cavity is an enclosure or 
partial enclosure of any size and shape having con¬ 
ducting walls or surfaces that can support oscillating 
electromagnetic fields within it and possesses certain 

By William Tucker, W4FXE, 1965 South 
Ocean Drive, 15-G, Hallandale, Florida 33009 
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resonant frequencies when excited by electrical oscil¬ 
lations. 

Most Amateurs know that a quarter-wavelength of 
coaxial cable, shorted at one end, is equivalent to a 
parallel resonant circuit; the resonant cavity is similar 
and can be seen as a wide-diameter quarter-wave¬ 
length coaxial line shorted at one end, using air as 
the dielectric. These filters have been used for many 
years as the very high Q tank circuits in vhf and uhf 
transmitters and as the tuned rf circuits of receivers. 

The radio-frequency current is maximum at the 
shorted end of the coaxial line or cavity, so a great 
deal of care must be exercised to ensure a good low- 
resistance rf contact. Because of skin-effect, copper, 
silver, or even gold is used to provide high conduc¬ 
tivity. 

The open end of the coaxial cavity exhibits a very 
high impedance and, therefore, high voltage. If con¬ 
struction requires insulation at the open end, care 


table 1. Resonant frequencies of the surplus tunable 
bandpass filters for417/GRC receivers. 


MHz 

F-238/U 50.0-58.5 

F-239/U 58.0-67.0 

F-240/U 67.0-76.0 

F-241/U 75.0-84.0 

F-242/U 84.0-92.5 

F-192/U 100 - 121 

F-193/U 121 -142 

F-194/U 142 - 163 

F-195/U 163 - 184 


MHz 

F-196/U 184-205 

F-197/U 205-226 

F-199/U 224-254 

F-200/U 254-284 

F-201/U 284-314 

F-202/U 314-344 

F-203/U 344-374 

F-204/U 374-404 

F-236/U 550-600 


must be used to select very low-loss materials so the 
very high () will not be degraded. 

Optimum performance can be expected from a 
coaxial resonant cavity when the electrical length of 
the cavity and its inner conductor is a full quarter- 
wavelength long; the frequency of the cavity can be 
changed by varying the length of the inner conduc¬ 
tor. In those cases where a full quarter-wavelength 
cavity is impractical, shorter lengths can be used 
with capacitance loading. A coaxial line or cavity 
shorter than a quarter-wavelength is electrically 
equivalent to an inductive reactance and requires the 
addition of capacitive reactance to equalize and 
achieve resonance; this is accomplished by adding a 
low-loss capacitor across the open end of the cavity. 
A variable capacitor provides a convenient method of 
tuning the cavity to the desired frequency. Generally 
speaking, the least amount of added capacitance 
results in highest Qand maximum efficiency (fig. 1). 

surplus filters 

The physical size of bandpass filter assemblies 
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fig. 1. Quarter-wavelength coaxial cable, shorted at one end 
IA), is equivalent to shortened, capacitance-loaded cavity 
1C). Performance is similar to lumped L-C tuned circuit ID). 


used in the417/GRC receivers is the same, although 
the length of the cavities vary according to frequency 
coverage. The maximum length of the actual cavities 
in these assemblies is 9 1/8 inches (23.2 cm). That 
length is fine where it approaches a quarter-wave¬ 
length at the higher frequency ranges, but is far short 
of optimum at lower frequencies. Though the full 9 
1/8 inches (23.2 cm) of cavity space is available, the 
designers did not take full advantage of the space. 
Shorter lengths were used on all cavities starting 
with the F-193/U (121-142 MHz). The F-193/U cav¬ 
ity, for example, is 7 3/4 inches (19.7 cm) long, and 
the F-194/U (142-163 MHz) is only 6 3/4 inches (17.2 
cm) in length. Both the F-239/U and the F-192/U use 
the full 9 1/8 inches (23.2 cm). For conversion to 
144-148 MHz, it is best to select one of the lower fre¬ 
quency units to take full advantage of the additional 
length. (Note that a full quarter-wavelength on two 
meters is approximately 20 inches [51 cm]). The 
reduction in length below the optimum quarter- 
wavelength lowers the Q. of the cavity, but it is still 
higher than the much lower Q afforded by conven¬ 
tional lumped L-C circuits at these frequencies. 


fig. 2. Placement of loops for in¬ 
put/output coupling to the cavity. 
For light loading (highest Q), the 
loops must be small and spaced 
well away from the center con- 



coupling 

Rf energy is usually coupled into and out of this 
type of resonant cavity with pickup loops placed dia¬ 
metrically opposite each other in the electromagnetic 
field that exists in the shorted high-current end of the 
cavity (fig. 2). The loops are similar and allow the 
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cavity to be used bilaterally. The size of the pickup 
loop, its position, and its proximity to the center con¬ 
ductor are the factors that determine the degree of 
coupling to the cavity. Large loops and close proxim¬ 
ity to the center conductor provide close coupling; 
small loops spaced away from the center conductor 
result in loose coupling. Variable coupling in large 
commercial cavities is provided by rotatable pickup 
loops. 

Close coupling reduces the selectivity and lowers 
insertion loss; conversely, loose coupling increases 
both selectivity and insertion loss. Two or more cavi¬ 
ties can be cascaded for wider bandpass with steeper 
selectivity skirts, or to provide increased selectivity. 



fig. 3. Original configuration of the F-193/U filter which was 
designed to cover 121-142 MHz; carefully remove 1/8 inch 13 
mm) of material from part B to convert to two meters. 


depending upon the degree of input/output coupling 
used in each cavity. 

filter applications 

Bandpass filters of the type discussed here are 
most often used to minimize or eliminate intermod 
and desense interference which originates from 
sources outside the desired band. On 2 meters such 
interference may originate in the 150-170 MHz com¬ 
mercial band; considerable interference also origi¬ 
nates in the local fm and television broadcast bands 
and in the 120-136 MHz aircraft band. In most cases 
the cavity bandpass filter is placed in series with the 
transmission line to the antenna and attenuates all 
signals which fall outside its sharp passband. 

As an example, I am located not far from two pow¬ 
erful broadcast stations, an fm station on 91.3 MHz 
and a Channel 2 television transmitter (video on 
55.25 MHz). The two signals get into the front end of 
my receiver through the antenna, mix, and produce a 
broad, garbled fm signal centered on 146.55 MHz. 
Insertion of a bandpass cavity in the transmission line 
completely removes the offending signals and allows 
simplex communications on 146.55 MHz with the 
weakest signals. 

Most Amateurs use transceivers on 2 meters so 
the cavity is in the transmission line during transmis¬ 
sion as well as reception. This is a bonus because the 
cavity provides many benefits when used in the 



fig. 4. Setup for adjusting the converted dual-section cavity 
of 144-MHz; tune for minimum VSWR at the desired 
operating frequency. 

transmitted output. Spurious out-of-band emissions, 
including harmonics, are greatly attenuated, thus 
minimizing possible illegal interference with other 
services; this also reduces the possibility of TVI. 

surplus filter conversion 

Conversion of the 417/GRC bandpass filters does 
not require the addition of any parts. The F-193/U 
unit, which was originally manufactured to cover 
121-142 MHz, requires only a simple modification to 
tune it up on the Amateur 2-meter band. Remove the 
six hex nuts from the rear of the assembly and care¬ 
fully slide out the stationary portion of the cavities 
and its housing. Referring to fig. 3, part B is the fixed 
portion of the variable concentric capacitor which 
provides a fixed lumped capacitance because of its 
proximity to the cavity wall; variable capacitance is 
introduced by the movable capacitor section, part A, 
fig. 3, which is controlled by the front panel knob. 
The conversion is made by simply removing no more 
than 1/8 inch (3 mm) from part B (shown by the dot¬ 
ted line) with a hacksaw, grinder, or hand file; 
remove all burrs, reassemble the cavity, and the con¬ 
version is complete except for testing. 

A dipmeter may be used effectively to check the 



Q BEFORE CONVERSION 



O after 


fig. 5. Conversion of the F-192/U filter (100-121 MHz) to two 
meters. Original arrangement before conversion is shown at 
(A); (B) shows the modification with a hex nut which moves 
the resonant frequency to the 144-MHz band. 
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fig. 6. Modification of the F-239/U filter (58.5-67.0 MHz) for operation on the 144-MHz Amateur band (see text). 


frequency range. Use a very small pickup loop con¬ 
nected to either port of the cavity (about 1 /2 inch 112 
mmj or less) and couple it lightly to the dipmeter. 
With the front dial turned fully clockwise, a sharp dip 
should occur around 130 MHz; fully counterclock¬ 
wise, the dip should occur at about 155 MHz. Note 
that the dips are very sharp in this lightly loaded con¬ 
dition and can be easily missed. Check both input 
and output in the same way. The dial can be recali¬ 
brated in any manner you wish. 

If a dipmeter is not available, a receiver can be 
used to find out if you are in the 2-meter range. Tune 


in a rather weak signal and as you tune the cavity to 
resonance at that frequency, the signal should pick 
up nicely. 

After you have determined that the conversion is 
successful, you can install the unit permanently in 
the transmission line as shown in fig. 4. Adjust the 
cavities for lowest VSWR. When transmit frequency 
is moved appreciably, about 500 kHz, you may have 
to retune the cavity for lowest VSWR. I suggest you 
keep the VSWR meter and the cavities as close as 
possible to the transceiver. 

The F-192/U filter was originally designed to cover 
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100-121 MHz. Follow the same procedure as previ¬ 
ously when taking the assembly apart. The conver¬ 
sion simply involves rearranging the configuration as 
shown in fig. 5, before A, and after B. The hex nut 
used as a spacer is borrowed from the rear of the 
assembly. Make sure the Teflon insulator is reassem¬ 
bled with the extrusion part as shown because this 
provides a lowest leakage path at the high impe¬ 
dance point. When testing this unit, note that the 
capacitor will short out at the full clockwise position. 
The frequency range should be about 135-175 MHz. 

The F-239/U filter was designed to cover 58.5-67 
MHz and requires more extensive modification. 
Before taking the assembly apart, remove the three 
screws visible on the outside surface of the cavity. 
Carefully slide out the fixed portion of the assembly 
and remove all the fixed and variable capacitor sec¬ 
tions from the center conductor and the rotor sec¬ 
tion. Select the parts needed as shown in fig. 6 and 
reassemble. You will have quite a few pieces of hard¬ 
ware left over for your junk box. The only additional 
parts you will need are two or three thin washers that 
can be used as spacers (part G. fig. 6); as shown, 
the modified cavities cover 120-170 MHz. If more se¬ 
lectivity is desired, the pickup loops can be shortened 
by any convenient method. 

In addition to using the dual cavity assemblies in 
the conventional manner as bandpass filters, they 
can also be used as series-resonant traps by shunting 
them across the line as shown in fig. 7; in this appli¬ 
cation the filter is used as a wave trap. If you wish, 
you may separate the two cavity sections by discon¬ 
necting the connecting link between them; you will 
then have two separate series-resonant traps as 
shown in fig. 8. You can also separate the two cavi¬ 
ties for use as two individual bandpass filters by 
removing the connecting link and installing two con¬ 
nector sockets. Because of the limited space, I sug¬ 
gest you use BNC connectors. 

summary 

When you become familiar with the action of these 
fine cavity assemblies and have digested the many 
good articles that have appeared in the various hand¬ 
books and magazines, you will find many other uses 
for them around your hamshack. You could even 
build a duplexer for a repeater using these units as 
the foundation. 



fig. 7. Use of the dual section cavitv as a tuned wave trap. 



fig. 8. Separation of the two cavities for use as two tuned, 
single-section wave traps. 


I have included a list of magazine articles from the 
past ten years for the convenience of those readers 
who wish to delve further into the subject of cavity 
filters. 
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the weekender 



Bench Power Supply 

A good quality regulated bench supply is prob¬ 
ably one of the most useful devices you can have in 
the workshop or ham shack. Whether you're just 
getting started in electronics and looking for a first 
project or are an experienced builder or experimenter 
in need of an additional bench supply, here's a sup¬ 
ply that will fill your needs. This versatile power sup¬ 
ply can be built in just a few hours, uses readily avail¬ 
able components, and the finished product is a neat, 
professional looking package. You'll be proud to say, 
"I built it." 

description 

Quick and easy construction is a feature of this 
power supply, which is accomplished with a single 
PC board. Such construction keeps mechanical and 
sheet-metal work to a minimum. Most components 
are on the PC board. Full voltage and current meter¬ 
ing are provided. The output is isolated from the case 
to allow its use as a positive or negative supply. 

Output current is 3 amperes over the range of 
1.5-15 volts, with short circuit and overload protec¬ 
tion provided by the 1C voltage regulator U1. Output 
ripple is at a low level. The power supply is physically 
small. The basic design isn't limited to bench-type 
power supply applications, because the PC board 
lends itself to installation in fixed equipment. No 
changes in the PC board pattern are required for use 
as a fixed supply. 

the circuit 

The bench supply schematic is shown in fig. 1. 
Component count is very low. The basic design con- 

By Ken Powell, WB6AFT, 6949 Lenwood 
Way, San Jose, California 95120 


sists of a full-wave power supply followed by a three- 
terminal 1C regulator. Power transformer T1 is an 18- 
volt 4-ampere unit. It isolates the power supply from 
the ac line while furnishing 18 volts to the bridge rec¬ 
tifier. T1 primary is fused, and the transformer frame 
is held at ground potential through the three-wire ac 
line cord. The on-off switch is connected to the out¬ 
put-level control for convenience and safety. The 
bridge rectifier is a single-unit device rated at 4 
amperes 100 PIV. The pulsating dc output from the 
rectifier is filtered by a pair of 1500-^F, 35-Vdc radial- 
lead electrolytic capacitors. 

The filtered dc is applied to the input of the LM- 
350K 1C voltage regulator. The output level is con¬ 
trolled by a divider network formed by R1 and R2. 
Load current is displayed by Ml, a 3-ampere dc 
meter. M2, a 15-volt dc meter, displays output level. 
The power-supply output is obtained from five-way 
binding posts. The output jacks, meters, and level 
control and switch are the only components not 
mounted on the PC board. 

construction 

PC board construction was chosen for the power 
supply for simplicity, ease of construction, and 
repeatability. Heavy glass-reinforced board should be 
used because the power transformer is fairly heavy 
and we want to avoid cracked and broken land pat¬ 
terns as the board ages and is subjected to stress. 
The etching pattern is shown in fig. 2. 

After etching and drilling, the on-board compo¬ 
nents can be mounted and soldered as in fig. 3. Pay 
particular attention to the polarity of the capacitors 
and the bridge rectifier. Coat regulator U1 with heat¬ 
sinking compound on the bottom surface where it 
mates with the heat sink. Fasten these items to the 
PC board as a unit with M3.5 (6-32) hardware. The 
regulator is not insulated from the heat sink. 

This completes component mounting and solder¬ 
ing. Check the PC board against fig. 3 to ascertain 
that all polarized components are properly oriented. 

The ac cord and front-panel interconnect wiring, 
also shown in fig. 3, can be installed next. The inter¬ 
connecting wiring should be no. 16 (1.6 mm) strand¬ 
ed to minimize voltage drop and provide flexibility. 
Solder these wires to the PC board and leave them 
about 25 cm (10 inches) long for connection to the 
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fig. 1. Schematic of the bench power supply. Basic design 
consists of a full-wave power supply followed by a three- 
terminal 1C regulator. 


Parts list for fig. 1: 


C1,C2 1500-^F, 35-Vdc 
C3 2.2-^F, 35-Vdc 
CR1 4 amp, 100 PIV 
FI 1-amp fuse 
FH1 fuse holder 
HS1 heatsink 
IC1 LM-350K 
J1,J2 binding posts 
Ml 3-amp meter 
M2 15-volt meter 
R1 5K 

R2 220, 1/2-W 
T1 18-volt, 4-amp 
SI switch, spst 
CASE 14.7x22.5x14.4 cm 
15-7/8x9x4-7/8 
inches) 


BA 18A1506-5 
RS 272-1407 
RS 276-1171 
RS 270-1283 
RS 270-739 
BA 12A2229-9 
CSC LM-350K 
RS 274-662 
CSC D1-918 
CSC D1-920 
RS 271-1714 
RS 271-015 
RS 273-1514 
RS 271-1740 
RS 270-281 


BA: Burstein-Applebee, 3199 Mercier St., Kansas City, Missouri 
64111 


CSC: Circuit Specialist Co., Box 3047, Scottsdale, Arizona85257 


RS: Radio Shack, local stores 


Note: A kit is available which Includes the following parts: 

1 etched and drilled PC board 
1 regulator, LM-350KIIC,) 

1 heatsink (HS,I 

2 capacitors, 1500 isf/35 Vdc (C, and C 2 ) 

1 resistor, 220 ohms (R z ) 

1 capacitor, 2.2/d/35 Vdc (C 3 ) 

The cost of this kit is $21.00 plus $1.50 postage and handling. Ask 
for kit #PS-25-3 from J. Oswald, 1436 Gerhardt Avenue, San 
Jose, California 95125. 


front panel components. They can be trimmed to 
length as the front panel is installed. 

Drill and punch the front panel using caution to 
avoid damaging the smooth finish on the panel. If a 
chassis punch isn't available for making the meter 
holes, a coping saw will work fine in the soft alumi¬ 
num. When you're satisfied that all the front panel 
components fit well, label the on-off level control 
with dry transfer labels. Apply a coat of clear acrylic 
to the panel to protect the lettering. The front panel 
components can be mounted after the panel is dry. 

At this time the PC board should be mounted to 
the cabinet base. Use standoffs to elevate the board 
above the base. Cut a small notch into the lower 
edge of the cabinet back and install a strain-relief or 
grommet for the ac line cord. Lay the front panel 
down in front of the PC board and complete the 
interconnecting wiring as in fig. 3. This wiring can be 
laced or spot-tied for a neat appearance (photo). The 
cabinet can now be assembled. Your project should 
look pretty much like the photo of the completed 
prototype. If a cabinet is used other than that listed in 
the parts list, you may have to modify the construc¬ 
tion procedure a bit, but the end result should be the 
same. 

test and applications 

After assembly, the front-panel meters should be 
adjusted for mechanical zero. There are no other 
adjustments, so the little supply is now ready for the 
smoke test. Apply ac power and advance the output 
level control clockwise. The voltmeter should track 
nicely from about 1.5 to slightly over l5volts. Output 
ripple can be checked on a scope if you have one, 
but, if not, don't be overly concerned about it. The 
two prototype units I built were smooth and ripple 
free. 

The little supply is now ready to go to work. The 
voltage and current range will let you power up quite 
a variety of equipment and circuits. I've used the 
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fig. 2. Full-size printed-circuit layout; component placement 
is shown in fig. 3. 
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RF 

TECHNICIANS 


MAGNAVOX is looking lor lop quality technicians to assist 
engineers in the design and development of electronic 
circuits for state-ol-the-art communication and navigation 
systems. Openings exist lor the following area: 

RF ANALOG 
POWER SUPPLIES 


In addition to excellent salaries and compensation 
package, we offer company paid relocation allowance. So. 
if you're looking fora career with a diversify of challenge in 
a stimulating environment, follow the leader . . come to 
Magnavox. 

For immediate consideration, please forward your resume 
to: 

Professional Placement, Dept HR 
2829 Maricopa Street 
Torrance, CA 90503 

We are an equal opportunity employer Women, minorities 
and handicapped are encouraged to apply. 


Magnavox 

Government and Industrial Electronics Company 

Advanced Products Division 


ANTENNA COMPONENTS 

Antenna wire, stranded #14 copperweld.$ .06 

Antenna Wire, stranded #15 copperweld.05£ 

Antenna wire, stranded #16 copperweld.05 

Van Gorden Hl-Q Baiuns. 1:1 or 4:1 . 9.95 

Unadilla/Reyco. W2AU Baiuns. 1:1 or 4:1 . 14.95 

Van Gorden Hl-Q center insulators. 4 95 

Unadilla/Reyco. W2AU center insulators. 9 75 

Ceramic '•Dogbone” end insulators, pair. 

Unadilla/Reyco plastic end insulators, pair. 3 

Nylon guy rope. 450 lb. test, 100’ roll. 3 

Poly guy rope, 275 lb test. 100' roll. 3 

Unadilla/Reyco W2VS Traps. KW-10 thru KW-40.21.95 

Belden 8214 RG-8U type foam coax.28 

Belden 8219 RG-58 A/U foam coax.11 

Berk-Tex 6211 RG-8X foam coax., Ultraflexible.15 

Amphenol 83-1SP PL-259 silver plated connectors.75 

Amphenol UG-175/U adapters (RG-58).25 

Amphenol UG-176/U adapters (RG-8X. RG-59).25 

Amphenol PL-258, straight adapter. 1 


LARSEN MOBILE ANTENNAS 

Larsen Mount LM-150 2 mtr. whip and coil....21.65 

LM-MM magnetic mount.13.29 

LM-TLM trunk lid mount.12,77 

New Motorola type mount. NMO-150 2 mtr. whip and coil . 23.22 

NMO-MM magnetic mount.14.91 

NMO-TLM trunk lid mount.15 98 

Other Larsen Models Available 
Complete Palomar Engineers Line Available 
Centurion International Rubber Duck Antennas in Stock 
WRITE FOR A FREE COPY OF OUR CATALOG 
MASTER CHARGE VISA 




Oommunicat 


730 Cottonwood 


lOUg 

Lincoln, Nebraska 68510 



show placement of the power transformer, heatsink, and 
other larger components. 


supply on TTL projects, op amps, vhf rigs, and a 
number of auto radio and tape player combinations. 

The properties designed into the 1C regulator take 
most of the worry out of the unit. If you apply a 
shorted piece of gear to the output, or connect a rig 
that draws more current than the supply can furnish, 
the regulator will shut down and no damage will 
occur. If the unit gets too hot, it will shut down. 
When normal conditions are restored, the supply will 
bounce back and go to work again. It's a tough little 
performer and just the ticket for a guy like me, who's 
apt to make an error now and then. 

conclusion 

There are many variations that could be made in 
the supply to suit individual requirements. Compo¬ 
nents aren't critical, although I don't think I'd go to 
lower values in any case. Changes such as using dif¬ 
ferent meters with shunts and multipliers would be 
no problem, and a single meter with shunts, multipli¬ 
ers, and switching could be used. For fixed applica¬ 
tions the level control could be replaced with a fixed 
resistor and the meters eliminated. Layout and 
mechanical details aren't critical, but the regulator 1C 
should be kept physically close to the filter capacitors. 

The cabinet should be well ventilated. If the supply 
is powered up outside the case, keep in mind that 
117 Vac is on the PC board and the interconnecting 
wiring! The low voltages usually associated with 
solid-state equipment tend to encourage carelessness. 

The supply was a very enjoyable project in that the 
assembly time was minimal (about three hours) and 
no sophisticated equipment was required for build¬ 
ing, de-bugging, or adjustment. I don't think anyone 
should have any apprehension about trying this one 
for a weekend project. 

ham radio 
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voltage-controlled 
resistance for 

Wien Bridge oscillators 


A simple improvement 
that uses a photocell 
as a voltage-controlled 
resistor 


Wien bridge oscillators 12 require some sort of 
voltage-controlled resistance in the feedback net¬ 
work to maintain unity loop gain as the frequency is 
varied over a wide range. In practice, part of the 
oscillator output voltage is used to control the vari¬ 
able resistance element so that the output voltage 
remains constant, or nearly so. The voltage-con¬ 
trolled resistance must not respond to the output- 
waveform instantaneous value, but only to its average 
amplitude. Thus, the voltage-controlled resistance 
device must have a long time constant compared 
with the lowest-frequency period. 

I've experimented with these circuits over the 
years, using incandescent lamps, diodes, and ther¬ 
mistors. 3 These methods all have shortcomings of 
one kind or another, and I think the idea described 
here works better than any of those others. 

homebrew device 

Shown in fig. 1 is a simple voltage-controlled 
resistor that can be homebrewed with readily avail¬ 
able parts. Such devices may be available already 
assembled but perhaps not as available as the two 
parts needed to build your own. The controlled resis¬ 
tor is a cadmium sulfide (CdS) photocell, obtainable 
from Radio Shack for 99 cents (catalog number 276- 
116). Its resistance changes from several meg¬ 
ohms in darkness to about 100 ohms in bright light. 
It's most sensitive to yellow or green light. A green 
light-emitting diode (LED) causes the CdS resistance 
to vary inversely to the dc control voltage applied to 
the LED circuit. 


To prevent ambient light from interfering with 
operation, the LED-CdS assembly should be sealed 
as shown in fig. 2. The cover may be almost any type 
of scrap material, such as a square of copper-clad cir¬ 
cuit board. Drill a hole in the cover for the LED to 
stick through into the photocell, then epoxy the parts 
together and spray thoroughly with black paint. Be 
sure to mark the anode lead of the LED before epoxy 
is applied. 

circuit details 

Fig. 3 shows the complete oscillator. U1 is a dual 
jfet op amp, TL072CP, made by Texas Instruments. 
It gives excellent performance in this circuit. The 
oscillator signal at pin 7 of U1A is buffered and detec¬ 
ted to provide a dc control voltage for the LED. The 



fig. 1. Homebrew voltage-controlled resistor. 


1N914 is required because the emitter-base break¬ 
down rating of the 2N2222 is only 5 volts. The 10- 
ohm resistor in series with the filter capacitor is 
required for stability. The CdS photocell is connected 
into the oscillator circuit in the same way a thermistor 
would be used. Other information on Wien bridge 
oscillators may be found in the references cited. 

operation 

The 10-k trimpot is adjusted for maximum undis¬ 
torted output in the normal manner. If the trimmer 
capacitors on the tuning capacitor are properly ad¬ 
justed, output amplitude should be flat within about 
0.1 dB between 30 Hz and 200 kHz. If frequen¬ 
cies lower than 30 Hz are requried, the 500-/iF filter 
capacitor must be increased in value to prevent 
distortion. 


By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 


56 S3 february 1980 







Co., 6000 Denton Drive, Dallas, Texas 75235. 


fig. 3. Wien bridge oscillator with improved gain control 
circuit. 
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MY COMPETITION KNOWS ME 
YOU SHOULD, TOO! 



FREE: HALTRONIX 1979 Special Clock Kit Plus a 
FREE Inline RF Probe — with purchase of any Fre¬ 
quency Counter. 

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 


COUNTER COMPLETE. H 


ilT COUNTER WITH FREQUENCY RANGE OF ZERO 


„„„ ...M FEATURES TWO INPUTS ONE FOR LOW FREOUENCY AN-- 

FREOUENCY. AUTOMATIC ZERO SUPPRESSION TIME BASE IS 1.0 SEC OR .1 SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY ± 001%. UTILIZES 10 MHz 
CRYSTAL 5 PPM COMPLETE KIT $129 

HAL-300A 7-0IGIT COUNTER (SIMILAR TO 600A) WITH FREOUENCY RANGE OF 0- 
300 MHz COMPLETE KIT $109 

HAL-SOA 8-DIGIT COUNTER WITH FREOUENCY RANGE OF ZERO TO 50 MHz OR BETTER 
AUTOMATIC DECIMAL POINT. ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN 
PUTS. ONE FOR LOW FREQUENCY INPUT. AND ONE ON PANEL FOR USE WITH ANY INTER¬ 
NALLY MOUNTED HALTRONIX PRE SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE 1.0 SEC ANO 1 SEC TIME GATES ACCURACY ± 001% UTILIZES 10-MHz 
CRYSTAL 5 PPM COMPLETE KIT $ 109 

PRE-SCALER KITS 

____re drilled G-10 board and all components).$14.95 

HAL 300 A/PRE.{Same as above bul wlih preamp).$24.95 

HAL 600 PRE.(PredrHIed G-10 board and all components).$29.95 

uai cnn aibbc ie '*~e as above but wlih preamp).$39.95 




TOUCH TONE DECODER KIT 

HIGHLY STABLE DECOCER KIT.C0MESWITH2SIDED.PLATED THRU AND SOLDER FLOWED 


12, AND ALL ELECTRONIC COMPONENTS BOARD ME AS" 


7206 CHIP PROVIDES BOTH VISUAL AND AU 


D INDICATIONS! Cl 


rH ITS ov 


TWO-TONE ANOOIZED ALUMINUM CABINET MEASURES ONLY 2 ... . _ 

PLETE WITH TOUCH-TONE PAO, BOARD. CRYSTAL. CHIP AND ALL NECESSARY COMPO¬ 
NENTS TO FINISH THE KIT PRICED AT $29.95 

FOR THOSE WHO WISH TO MOUNT THE ENCOOER IN A HANO-HELO UNIT. THE PC BOARD 
MEASURES ONLY 9/16" x 1-3/4* THIS PARTIAL KIT WITH PC BOARD. CRYSTAL, CHIP 
-- PRICED AT $14.95 


ACCUKEYER (Kl 


THIS ACCUKEYER IS A REVISED VERSION OF 


_R(KIT) T . .. _ _ 

WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. I..-. 

AND THE 1975 RADIO AMATEUR'S HANDBOOK $16.95 

ACCUKEYER — MEMORY OPTION KIT PROVIDES A SIMPLE. LOW COST METHOD 


:RY POPULAR 
JT MAGAZINE 


YG MEMORY CAPABILITY TO 


VF ACCUKEYER- WHILE DESIGNED FO 


DIRECT ATTACHMENT (0 THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY. , $1o.j» 

PRE-AMPLIFIER 

HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2-200 MHz BANDWIDTH <~3dB 
POINTS). 19dBGAIN. FULLY ASSEMBLED AND TESTED $8.9S 

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL - $7.95. 
OPERATES ON 12-VOLT AC {NOT SUPPLIED). PROVISIONS FOR DC AND 
ALARM OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLEO PC BOARDS. 1 CLOCK CHIP. 6 
FNO 359 REAOOUTS. 13 TRANSISTORS. 3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH¬ 
BUTTON SWITCHES. POWER TRANSFORMER AND INSTRUCTIONS DON'T BE FOOLED BY 
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA PRICED AT $12.95 


CLOCK CASE AVAILABLE AND Wl 


YY ONE OF THE ABOVE CL 


ATES ON 12-VOLT AC OR DC. Al 


____E BASE ON THE BOARD COM¬ 
PLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE. PRE-DRILLEO PC BOARDS 
.SIZE 4" x 3". COMPLETE WITH SPEAKER ANO SWITCHES. IF OPERATED ON OC. 


SHIPPING INFORMATION - ORDERS OVER $15.00 WILL BE SHIPPEO POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON OROERS LESS 
THAN $15.00 PLEASE INCLUDE ADDITIONAL $1 00 FOR HANDLING ANO MAILING 
CHARGES. SENO SASE FOR FREE FLYER. 




Hal-Tronix 

Eifil- P.O.BOX 1101 


SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 


More Details? CHECK-OFF Page 94 
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a carrier-operated relay 
for your 

Heath HW-2036 


Simple mods 
you can make 
to enjoy your 
a-m/fm radio 
and your 2-meter rig 
at the same time 


If you have problems doing more than two things 
at once, then this modification is for you. Try it if you 
own a HW-2036 2-meter rig and have trouble trying 
to decide between listening to an interesting conver¬ 
sation on the rig and soothing background music 
from your a-m/fm radio while traveling down the 
road. 

I've installed a COR (carrier operated relay) in the 
2036 to switch the a-m/fm radio on and off when the 
2036 is receiving a signal. The a-m/fm set goes off 


when a signal is received on the 2036, which results 
in only one radio being on at a time — a real blessing 
for eliminating the hectic atmosphere in an automo¬ 
bile when both radios are running simultaneously and 
you are in rush-hour traffic. 

operation 

The circuit is simple and I'm surprised that Heath 
hasn't made it an available option on. the 2036. The 
basic idea is to turn off the a-m/fm radio during the 
transmit and receive modes of the 2036. 

The benefit of turning off the a-m/fm radio during 
the transmit is twofold. First, there's no possibility of 
transmitting your soothing background music over 
the 2-meter rig, which is not looked upon favorably 
by the FCC, to say the least. The second benefit is 
that listening to the a-m/fm radio is automated while 
going down the road. 

circuit 

The diodes (fig. 1) are used solely for isolation to 
keep this circuit from affecting anything going on at 
the connection points in the 2036. The RC network 
on the relay gives a delay of 1-2 seconds to keep the 
a-m/fm radio off during short repeater dropouts or 
when working simplex. 


By Gary L. Long, WD5HYQ, Route 5, Box 267, 
Muskogee, Oklahoma 74401 
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construction 

I located all the parts beside the lever switches on 
the 0/5-kHz switch side of the HW-2036. A little 
Super Glue will hold everything in place for wiring. 
The transistor isn't critical; just be sure it can handle 
enough source current for the relay. 

0/5-kHz — COR bypass. If you live in a signal area 
with very few repeaters that require the 0/5-kHz 
switch, you can make it a dual function switch (0/5- 
kHz — COR bypass). This beats installing another 
switch in the rig and messing up the looks of the 
2036. This addition is useful when the a-m/fm radio 
is broadcasting something you don't want interrupt¬ 
ed while listening to it. All that's necessary is to 
•remove the wire going to SW6 from pin X on the syn¬ 
thesizer board and reconnect it through an isolation 
diode to the switch as shown in fig. 1. 



mit-receive modes of the Heath HW-2036 2-meter transceiv¬ 
er. Circuit features a 0/5-kHz — COR bypass arrangement. 

A-m/fm connections. All that's left to do is to con¬ 
nect a pair of wires to the relay contacts and feed 
them out through the same slot in the back of the 
radio where the power cable comes out. The easiest 
way to connect these wires is to pull the a-m/fm 
radio fuse and connect these wires right at the fuse 
block. Don't forget to install an in-line fuse on one of 
the wires before you turn on the power. 

one last item 

I had been plagued with a birdie problem, and 
while I had the rig apart I decided to go hunting for 
birdies. This critter appeared on 146.85 MHz, 146.52 
MHz, and several other places. My solution was to 
put a mica capacitor across the base-collector junc¬ 
tion of Q409 on the synthesizer board. The value 
appears to be critical. The best response was obtained 
in my rig by using about 820 pF. 

ham radio 



GUNN SOURCE 
FREO. « 10.S GH. 
POWER OUT: 10 row nom. 
BIAS = +8V OC 

I G.S.-I...$53.10ea. 

VIDEO DETECTOR 
IDET. BND.= 10.5 GH ±2Smh 
TANG. SENS:-50 DBM MIN. 
BIAS - 20 fid 

V.D.-I... $39.IOea 


FILTER-MIXER HORN ANTENNA| 

STOPBNO: 16-24 GH. FREQ. a 8-12 GH. 

INS. LOSS =2 OB MAX. GAIN « IB OB. 

BIAS - 25 fsa nom. VSWR = 1.3:1 

VSWR: 1.6:1 MAX; 

F.M.-l . . $44.70 ea. H.A.-I ...$15.90 | 

PAROB. ANT. 
FREQ.: 10- 10.6 GH. I 
GAINS: 34 OB 
SIZE" 2' dia. 
POLAR: E PLANE 

$52.I0ea. P.A.-I .. $456.00 I 


IMPATT SOURCE 
FREQ: 10.5- 10.55 GH. 
PWR. OUT: 50±20 row. 
BIAS = BOV nom. 

I.S.-I 


E.B.A. MICROWAVE 
CS 6800 P.O. BOX A123 
COSTA MESA, CA 92627 

Check, Money Order, Visa or MasterCharge Acceptable 


from SCELBI: 

PRACTICAL ANTENNAS! 

You've never seen an antenna book quite like this: 

• How to build practical beams, 
quads and wire antennas. 

> Computer-generated beam 
headings to every known country 
in the world. 

• Charts and tables to eliminate 
tricky calculations. 

• Practical ideas for the newcomer. 

« Complete bibliography of magazine 

articles on antennas 
» Tips on how to keep your antenna 
up. And much, much more. 

New format, big diagrams, easy-to-read text. 
And it's completely brand new! Durable vinyl 
cover. $9.95. Order now. 
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plasma-diode experiments 


Plasma diode detector 
using a neon glow lamp — 
today’s answer 
to the slotted-line 
standing-wave detector 


The use of the plasma in glow lamps and specially 
designed discharge tubes for microwave detection is 
not new. 14 In most cases, means are provided for 
focusing the microwave energy on a selected point 
of the discharge, with the detector output appearing 
as a variable component of the lamp current. 

The plasmas operate at quite high power levels as 
far as biasing is concerned (20 mA and 250 volts). 


This type power supply is out of line for the experi¬ 
menter working with transistors and ICs. 

The drawback of the conventional kind of plasma 
detector is its high noise. Relying on Maxwell's dis¬ 
placement current, research workers have, however, 
constructed glow-lamp microwave detectors that are 
free from the annoying lamp-current noise. In certain 
cases they are even more sensitive than the old 
standby, the crystal diode. These new detectors 
operate in the gigahertz region up to 100 GHz (3-mm 
wavelength). 

starvation-current mode 

A recent research and development project at Ser- 
colab revealed that worthwhile detector sensitivity 
can be achieved in a "starvation current" glow-lamp 
mode, with the demand on supply power reduced to 
about0.1 percent. This kind of operation brings the 
glow-lamp microwave detector within every experi¬ 
menter’s reach, since the entire power supply con¬ 
sists of a few 9-volt transistor batteries. With capaci- 
tively coupled microwave energy, the glow-lamp 
detector combines an acceptable signal-to-noise 
ratio with a broad frequency range, a wide dynamic 
range, and the feature of being almost indestructible 
— something that can't be claimed for its competi¬ 
tor, the crystal diode. 

By Dr. Harry E. Stockman, Sercolab, P.O. 
Box 78, Arlington, Massachusetts 02174 
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the "starvation-current" mode. LC is the loop antenna; N is 
a neon lamp. Other components are discussed in the text. 

Its characteristic of being able to take a heavy 
overload without showing any defect in operation 
makes the glow lamp a handy microwave detector. 
Furthermore, it's inexpensive. A brand-new neon 
lamp costs only 25 cents. (Radio Shack's NE 2 and 
NE 2H are good examples.) 

Today, triode and tetrode glow lamps, such as the 
TRJ 250, are being used successfully as microwave 
detectors, providing the desired coupling internally.* 
Alternatively, an external capacitor plate can be 
attached to a diode, cemented to the glass envelope. 
In the detector described below, a diode lamp with 
protruding terminal wires is used with an external rf- 
electrode arrangement that forms a loop antenna. A 
dipole antenna with capacitor plates provides an 
alternative. 

test setup 

Fig. 1 shows a simple test rig. In the starvation 
mode, only the tip of the cathode electrode glows. 
The capacitor plates, C, of the loop antenna, L, are 
loosely coupled to the discharge. (We are looking 
into the glow lamp, N, in the plane of the two elec¬ 
trodes.) Each lamp terminal wire is formed into two 
solenoid turns around any temporary 3-mm (178- 
inch) core, thus providing an rf choke. 

Potentiometer P is a small 25k trimpot. Variable 
resistor R is 250k. The values are not critical. R1 is a 
5k safety resistor. A 741 1C is the detector — output 
amplifier; but two 741s in cascade are better, mean¬ 
ing that we may use a 14581C. 

The output indicators are a scope, an electronic 
voltmeter,- and earphones. Eight 9-volt batteries are 

•The TRJ 250 tube and other glow lamps suitable for microwave detection 
are obtainable from General Instrument Signalite Division, 1933 Heck 
Avenue, Neptune, New Jersey 07753. 


used, held together with a rubber band. The lamp- 
supply current amounts to only 0.1 mA, so the life of 
the major part of the battery is almost the shelf life. 

the antenna 

The experimenter can readily make up an assort¬ 
ment of loop antennas by clipping metal strips from a 
coffee can, or better, from a neatly polished, some¬ 
what thicker, copper sheet. The width of the strips 
may be 6 mm (1/4 inch). 

The quickest way to obtain a properly tuned sys¬ 
tem is to try out different-size loops for a given wave¬ 
length. The inductance can be reduced somewhat by 
flattening the loop. The loop position relative to the 
glow lamp is shown in fig. 1. This is only one of sev¬ 
eral possible positions. Actually, the best results 
were obtained with the loop folded 90 degrees out of 
the paper (fig. 1), so that its axis is parallel with the 
direction of the electrode system. The loop is then 
moved up, down, and lengthwise for optimum coup¬ 
ling to the plasma. For the loop orientation with 
respect to the transmitter, the rules are about the 
same as for everyday shortwave work. 

test equipment 
and adjustments 

Two low-power laboratory oscillators were avail¬ 
able for the tests — one 1.2 GHz (25-cm wavelength) 
and a 2.4 GHz (12.5-cm wavelength). Each was 
amplitude modulated with a 1000-Hz tone. 

In adjusting the receiver, the P and R controls are 
set in a combination that does not promote CR relax¬ 
ation oscillations, which are common in neon-lamp 
hookups. The adjustment of the controls is such that 
maximum detector audio output is provided. 

Once the proper control setting has been found, 
the detector will remain stable. If, after a long time of 
operation, the lamp goes out, potentiometer P volt¬ 
age is temporarily increased to make the lamp fire. 
Then it is decreased to its previous value. Most lamps 
fire in the 60-70 volt range. The extinguishing voltage 
is then some 10 volts or less. 


STANDING 





fig. 2. Plasma detector of fig. 1 implemented for plotting 
standing waves on a transmission line. Loop must be moved 
along the line at a constant distance from the line for con¬ 
sistent data. 
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Order Your Collins KWM-380 
NOW! 

and receive FREE 

(+ old pricing, deposit only required) 

1) Noise Blanker — $195.00 

2) or 2 Filters, your choice — $96.00 ea. 

3) or Blower Kit —$195.00 



Get on with the Best! 

MW 

Electronics Supply, Inc. 

Houston. Texas 77002 • [713) 658 0268 


WANTED FOR CASH 



4CX150 

4CX250 

4CX300A 

4CX350A 


4CX1000 

4CX1500 

4CX3000 

4CX5000 


Highest price paid forthese units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 

DCO, INC. 

10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 

800-526-1270 Evenings (201) 998-6475 




uses 

Among practical uses of this detector is the deter¬ 
mination of the oscillator wavelength. The glow- 
lamp detector is placed at the side of the transmitter 
with just enough coupling for the modulation tone to 
beheardintheearphones. A meter stick is then placed 
vertically on the bench, and a reflector is moved up 
and down along the stick. Readings are taken at 
every sharp null on the meter or in the earphones. A 
suitable reflector may be made from heavy aluminum 
foil cemented to the back of a writing-pad cardboard. 

A bigger reflector is better. One with a quarter- 
meter side is a deluxe article. The average distance 
between the nulls is one-half the wavelength. Really, 
doing it this way we're too close to the transmitter, 
and if the experiment is repeated in the horizontal 
plane, with a larger distance between transmitter and 
receiver, better accuracy results. 

In another experiment, we may rig up a two-wire 
line in air with a wire distance of 13 mm (1/2 inch), 
using one end for coupling and the other end either 
open or closed, Another arrangement is to put a bit 
of TV downlead on a wooden table, similarly arranged 
at the ends. 

Fig. 2 shows how the excited end of the line is 
formed into a loop, coupled through the mutual 
impedance, Zm, to the oscillator. With the line 
removed, the transmitter is tuned for minimum direct 
pickup by the receiver. Then, with the line in posi¬ 
tion, Zm is assigned the compromise value that gives 
a clear standing-wave pattern with only sufficient rf 
power for good deflections on the voltmeter. 

The detector is then moved along the line and the 
readings are tabulated, whereupon the standing- 
wave pattern can be plotted. Loop L must be moved 
at a constant distance from the line. 

The two-wire air line gives sharp nulls, and the 
wavelength obtained agrees quite well with that 
measured in the preceding reflector experiment. The 
TV cable nulls are not equally sharp, and the meas¬ 
ured wavelength is smaller than the true wavelength 
because the insulation dielectric constant is larger 
than unity. 
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90-degree 

phase-shift network 

offers 2:1 bandwidth 


Differential 90-degree 
phase-shift network 
built with 
coaxial line sections 
provides wide 
operating bandwidth 


This brief note describes an easy-to-build network 
capable of providing 90-degree differential phase 
shift between two outputs. Over a 2:1 bandwidth the 
VSWR maximum is less than 1.2:1 and the deviation 
from quadrature phase is ±2 degrees. This network 
should find application in antenna feed configura¬ 
tions and other instances where extremely broad¬ 
band differential phase shift is not required. 

network description 

The phase-shift network is X/2 long at band center 
and is shunted at midpoint with an X/8 shorted stub 
and an X/8 open stub. For a 50-ohm system the char¬ 
acteristic impedance of the X/2 line and both stubs is 


31 ohms. A sketch of the circuit is shown in fig. 1. 
For clarity, balanced transmission is shown although 
actual realization most likely will be coaxial line. The 
other half of the differential phase shift network is 
3/4 X length of 50-ohm transmission line. The com¬ 
plete network is shown in fig. 2. 

The network in fig. 1 has a dispersive phase char¬ 
acteristic, which means that the phase shift through 
the network does not vary linearly with frequency. 
An equivalent circuit of a dispersive network is 
shown in fig. 3. The phase through the network is 
retarded below band center and is advanced above 
band center. At band center the parallel circuit is 
resonant and has no effect. In this manner, a con¬ 
stant 90-degree phase differential is maintained 
between the dispersive network and the 3/4 X trans¬ 
mission line for an octave bandwidth. Optimum 
impedance match for the network is achieved by 
using 31-ohm impedance line. 

Transmission line of 31-ohm impedance is not 
available unless specially made; however, a 30-ohm 
line can be realized by paralleling lengths of 50- and 
75-ohm line. Fig. 4 suggests one method you may 
use to build the circuit. Fig. 5 is a computed plot of 
VSWR versus frequency for the dispersive network 
made from 30-ohm transmission line. 

conclusions 

This note describes a simple 90-degree phase-shift 
network, which is easy to build from readily available 
materials and adequate for 2:1 bandwidths. In 
instances where only 2:1 bandwidths are required in 

By R.B. Wilds, K6ZV, 14633 Ambric Knolls 
Road, Saratoga, California 95070 
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fig. 2. Complete phase-shift network, 
fig. 3. Equivalent circuit of phase-shift network, 
fig. 4. Construction details for phase-shift section, 
fig. 5. VSWR of dispersive phase-shift section. 

the rf range, this network is simpler than lattice net¬ 
works, which require baluns for use with coaxial line. 
Other transmission-line-type phase shifters, such as 
those described by Schiffman, 1 require coupled 
stripline or coaxial line sections and are applicable 
primarily for microwave frequencies. 

reference 

1. B.M. Schiffman. "A New Class of Broad-Band Microwave 90 degree 
Phase Shifers." Transactions IEEE,MTT. April, 1958, pages 232-237. 
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comments 

IContinued from page 6) 


U4) to the top end of diode CR5 near 
the lower right hand corner of U13. 
Reconnect the clock control lead to 
either end of this new jumper. Finally, 
cut away a short segment of the foil 
to open the path between U13 pin 10 
and CR5. 

The effect of these changes is to 
delay the buildup at U13B pin 10 of 
the high on the clock control line until 
U3B has time to take U13B pin 9 low. 
The resistor and capacitor values are 
not too critical, and if this doesn't 
cure the click completely, try a slight¬ 
ly higher resistor value (up to about 
270 ohms). 

Robert C. Cheek, W3VT 
Tokyo,Japan 

split-band 
speech processing 


Dear HR: 

This note is prompted by Wes 
Stewart's article in ham radio for 
September, 1979, which I liked very 
much for his understanding of the 
subject and the unmasking of some 
of its secrets. However, there are a 
couple of points which can stand clar¬ 
ification; they have been alluded to in 
the original article describing the 
process (Fisk, ham radio June, 1976) 
but not discussed in detail. 

The first thing I noticed in 
Stewart's design is the measured dis¬ 
tortion, which is about twice as high 
as that of the Vomax unit by Max¬ 
imilian Associates. The detrimental 


effect of distortion on the processing 
gain has received considerable atten¬ 
tion in both my own (ham radio 
February, 1971) and Fisk's article; 
Stewart's design will probably show 2 
dB less talk power gain than the com¬ 
mercial device, for which 10 dB is 
claimed. Explanations of the causes 
of distortion are a little tedious, but 
not really difficult. 

Stewart's band splitting filters have 
a Q of 1.84; in contrast, the Vomax 
design value is 2.5, with the same 
passband ripple and slight reduction 
in overall bandwidth. I shall try to 
demonstrate the importance of the 
higher Q value. For a hard-clipped 
signal near the center of a band, the 
third harmonic distortion in that band 
due to finite filtering is 5 per cent for 
Vomax, 7 per cent for Stewart's 
design. The difference is not very sig¬ 
nificant. For frequencies above the 
filter peak, the numbers are essential¬ 
ly the same. 

Unfortunately, the situation is very 
much worse for signals below the 
peak frequency of a particular band. 
Imagine a signal near the peak of one 
band, but below the peak of the next 
higher band by a factor of 1.73 (v3J7 
If this signal is distorted (clipped), 
there will be no filtering as the third 
harmonic falls above the band peak 
by the same factor. If there is to be 
no distortion, then the maximum clip¬ 
ping must be held to whatever re¬ 
sponse is provided by a tuned circuit 
which is off-resonance by a factor of 
1.73; this is 9.5 dB and 6.8 dB respec¬ 
tively for the Vomax and Stewart de¬ 
signs. Fortunately, this signal compo¬ 
nent amplitude is down by the same 
amount when combined with the 
lower band output, so that some dis¬ 
tortion, i.e., clipping, is permissible. 

For a total distortion limit of 10 per 
cent, this number is 2.5 dB, giving a 
total of 12 dB for Vomax and prob¬ 
ably about 1 dB for a total of 8 dB for 
Stewart's circuit. Conversely, for the 
same amount of clipping, the lower Q 
design will produce higher distortion, 
approximately proportional to the 


square of the Q ratio. Obviously the 
higher the Q, the lower the distortion; 
this can be obtained within our de¬ 
sign restraints, however, only by a 
smaller total bandwidth, higher pass- 
band ripple, or both. This distortion 
of signals below the peak frequency 
of a band increases rapidly with am¬ 
plitude above a specific level, so that 
an effective age of the preamplifier is 
an absolute necessity. For the perfec¬ 
tionist, I would suggest a design in¬ 
corporating six or more bands permit¬ 
ting the use of higher Q filters for 
reduced distortion. 

If I have one criticism of Stewart's 
article, it is his lack of concern for the 
input amplifier. The low-cost SL1626 
1C is a loose-tolerance device with 
output level variations between 
samples of more than 8 dB. This ne¬ 
cessitates individual calibration of the 
clipping level control for each assem¬ 
bly. Even worse is the effect of its 
output distortion, stated as 2 per cent 
typical with no maximum specified, 
on the performance of the processor. 

Any distortion produced ahead of 
the processing circuitry will be magni¬ 
fied; i.e., the processor acts as a dis¬ 
tortion enhancer. Imagine a signal 
near the center of the lowest band; if 
it contains second and third harmonic 
distortion, these individual compo¬ 
nents will appear near the centers or 
peaks of the second and third bands. 
With 14 dB clipping in the lowest 
band, the distortion components will 
be amplified by the same amount, or 
five timesl Therefore, 2 per cent dis¬ 
tortion in the input amplifier will show 
up as 10 per cent added to the proc¬ 
essing distortion in the output com¬ 
biner. While developing the final 
design for the Vomax unit, I investi¬ 
gated a number of available inte¬ 
grated circuits for use as input ampli¬ 
fiers with age. I was unable to find 
one with acceptably low distortion 
(0.5 per cent), so resorted to the cir¬ 
cuit implementation with discreet 
components. 

To summarize, split-band process¬ 
ing, while an acknowledged valuable 
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and effective technique, poses a 
number of design problems, which 
require careful attention to detail. 

Walter Schreuer 
Maximilian Associates 
Swampscott, Massachusetts 

I have studied Mr. Schreuer's com¬ 
ments, and with the exception of a 
couple of minor points, I find myself 
in agreement with them. Our major 
difference seems to be our different 
design * goals . Mr. Schreuer's goal 
was a high quality, high performance, 
high cost commercial product; my 
goal was the design of a unit possess¬ 
ing similar characteristics that could 
be built by the average ham who 
could not or would not spend nearly 
$200 for the Vomax. 

As mentioned in the opening para¬ 
graph of my article, the price paid for 
increased performance is increased 
complexity and cost. Even Mr, 
Schreuer agrees that to approach 
perfection the design would require 
six or more bands. Obviously, we 
must stop somewhere. Mr. Schreuer 
and I seem to disagree only on where 
to stop. 

Higher Q_ filters can offer lower dis¬ 
tortion; however, / feel that higher 
precision components should then be 
used in the active filters and summing 
amplifier. While / personally have 
access to precision parts, / felt the 
average home builder would have 
trouble finding them and designed 
accordingly. Complete design data 
was given in the text and appendices 
for those wishing to try design im¬ 
provements and the experimenter is 
encouraged to do so. 

/ must add that Mr. Schreuer took 
the liberty of comparing the results of 
using higher £) using my center fre¬ 
quencies. If we compare results using 
a Qof 2.5 and the center frequencies 
used in the Vomax, the off-resonance 
attenuation computes to -8.4 dB, 
not the -9.5 dB claimed by Mr. 
Schreuer; a small point to be sure but 
perhaps worth mentioning. 

Regarding the SL1626, the toler¬ 


ance on output level is only 6 dB, not 
the over8dB claimed by Mr. Schreuer. 
Except in a production environment, 
this is not a big problem. Mr. 
Schreuer raises a good point regard¬ 
ing the distortion characteristics. Per¬ 
haps he could share his expert knowl¬ 
edge in this area with those who wish 
to go to the increased complexity of 
the discreet circuit. 

In summary, / feel the design / pre¬ 
sented in the September issue fills a 
need for an easily reproduced, inex¬ 
pensive speech processor that 
delivers more performance enhance¬ 
ment for dollars spent than any¬ 
thing other than perhaps antenna 
improvements. 

Wes Stewart, N7WS 
Tucson, Arizona 


talking clock 



Dear HR: 

The diagram of the Talking Clock 
addition in October, 1979, ham radio 
has an error: the leads connecting to 
pins 10 and 11 of the 74157 should be 
interchanged. 

The Talking Readout described in 
the June, 1979, issue was described 
as it was interfaced to the Spectron- 
ics DD-1, which I understand is no 
longer in production. However, I 
have successfully interfaced the unit 
with the Kenwood DG-1, intended for 
use with the Kenwood 520S. Since 
the article was published, the multi¬ 
plexer portion of the circuit has been 
made available on a separate board, 


which can be inserted into the DG-1, 
reducing the interconnection to 
about nine leads rather than thirty, as 
multiplexing is done in situ. The BCD 
data is accessed as it enters the six 
7454s. Since this is latched or stored 
data, no gating is required, so pin 4 of 
the 7454 of the talking digital readout 
control board may be tied to +5 
volts. 

Similarly, the Yaesu ZD-1 external 
readout for the FT101-Z should be 
readily interfaced; BCD data for each 
digit exist at pins 5, 10, 2, 12, of the 
six 74LS196s. Gating should be re¬ 
quired but is available at Q01, which 
drives the LED cathodes. 

Interfacing to other transceivers 
may be complicated by the increasing 
use of seven-segment counter out¬ 
puts from counters. When I have lo¬ 
cated a suitable seven-segment to 
BCD decoder, such as the 74C915, a 
redesign will be undertaken. 

I would be happy to answer any 
correspondence regarding either arti¬ 
cle from readers who include an 
SASE. Inquiries related to other trans¬ 
ceivers should include a detailed dia¬ 
gram of the digital readout portion. 

Ray Brandt, N9KV 
Janesville, Wisconsin 

Dear HR: 

I would like to express my appreci¬ 
ation for your series of articles on 
"Digital Techniques"; it expanded 
my knowledge of digital devices con¬ 
siderably. I hope that this series is 
continued, and I would like to see 
these articles expanded into the more 
complex integrated circuits used in 
microprocessors. Understanding the 
MCS6522 and MCS6530 would be 
typical. 

I subscribe to ham radio not for the 
straight Amateur Radio articles but 
for articles on things like the phase- 
lock loop, power supplies, counters, 
operational amplifiers, and other 
technical subjects. 

Keep up the good work. 

IVorbert K. Fox 
Guttenberg, Iowa 
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products 


fm transceiver, the 
Azden PCS-2000 



Amateur-Wholesale Electronics is 
proud to announce its superior new 
Azden PCS-2000 2-meter fm trans¬ 
ceiver, The PCS-2000 covers 144-148 
MHz in 5-kHz steps (eight hundred 
channels). It features six memory 
channels, and scanning of memory, 
or the full band in "free," "busy," 
and "vacant" modes. All frequency 
control functions are performed by a 
microcomputer. 

Upon inspection, the most striking 
feature is the absence of a large knob 
for frequency control. In place of a 
knob, there is a twelve-button micro¬ 
computer control keyboard. The de¬ 
sired frequency is programmed into 
the radio digit-by-digit. Simplex, 
-600 kHz, or +600 kHz operation is 
selected by pushing a keyboard but¬ 
ton. Using a front-panel rotary 
switch, three additional offsets be¬ 
come available: + 400 kHz, +1 MHz 
and +1.6 MHz. 

The unit comes apart into two 
pieces; the control head separates 
from the main unit. With an optional 
connecting cable, the two units can 
be located as much as 15 feet apart. 
This allows great flexibility for mobile 
and portable operation. 

The microphone contains a volume 


and squelch control, two frequency- 
control buttons, and a button for in¬ 
stant recall of memory channel 1. By 
using these controls, the necessity of 
reaching down to the control panel 
while driving is greatly minimized. 

The PCS-2000 has a huge 1 /2-inch 
LED display that makes frequency 
determination easy. The S/rf meter is 
digital, using LEDs instead of the 
usual often-troublesome mechanical 
movement. There are two selectable 
power output levels: 5 watts and 25 
watts. Low power is internally adjust¬ 
able from 3 to 7 watts. Frequency de¬ 
viation is ±5 kHz maximum. Azden 
units limit spurious emissions signifi¬ 
cantly better than required by FCC 
regulations. 

An external speaker jack is pro¬ 
vided on both the control head and 
the main unit. Optional accessories 
include external speaker, remote 
cable, desk microphone, and tone- 
pad microphone kit. Both the desk 
microphone and the tone-pad kit pro¬ 
vide the same remote-control func¬ 
tions as the standard microphone. 
The Azden PCS-2000 is priced at 
$369.00 and carries a 90-day warran¬ 
ty. For additional details, contact 
Amateur-Wholesale Electronics, 8817 
S.W. 129 Terrace, Miami, Florida 
33176. 


Heathkit transmitter 
and receiver 



Heath Company introduces a new 
Amateur transmitter kit and matching 
receiver kit. The new HX-1681 CW 
transmitter combines solid-state 
technology with vacuum tube finals 
to give a transmitter capable of 100 
watts minimum output on 80 through 
15 meters, and 75 watts out on 10. It 
features full break-in CW operation, 
(QSK), built-in VFO, solid-state TR 


switching, sidetone output with ad¬ 
justable tone and level, and receiver 
muting. Keying is provided for the ad¬ 
dition of an external power amplifier. 

The matching solid-state HR-1680 
receiver covers 80 through 10 meters 
plus the lower 1 MHz of the 10 meter 
band. It features a preselector-tuned 
dual-conversion front end for .05 /tV 
sensitivity, as well as solid-state diode 
bandswitching, built-in 100 kHz cali¬ 
brator and switchable wide/narrow 
active audio circuitry for SSB or CW 
operation. The transmitter kit sells for 
$239.95 (requires separate power 
supply) and the receiver is priced at 
$209.95. For more information write 
Heath Company, Department 350- 
940, Benton Harbor, Michigan 49022. 


new MFJ 24-hour 
digital clock 



The MFJ-101 is a new 24-hour, 
solid-state, digital clock. It features 
pleasant blue, 0.6-inch digits that are 
easy on the eyes, yet bright enough 
to see all the way across the room. 

The MFJ-101 has an ID timer that 
alerts you every nine minutes after 
you tap the ID/doze button. This 
nine-minute timer gives you a full 
minute to identify after the timer 
sounds and still be legal. 

The alarm feature will remind you 
of that important sked, or wake you 
in the morning with a pleasant but 
persistent chirping sound. The 
fast/slow set buttons make setting 
time and alarm simple, while the lock 
function prevents accidental misset- 
ting. 

The alarm has an indicator which 
lights up when the alarm is on. If 
power has been interrupted, the 
digits flash on and off until the time is 
reset. 
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The MFJ-101 is UL approved, and 
operates on 110 Vac, and can be 
switched for 50/60 Hz for operation 
in European and Asian countries. 

MFJ provides a 30-day, money- 
back trial period. If you are not sat¬ 
isfied, you may return it within 30 
days for a full refund (less shipping). 
MFJ also provides a one-year limited 
warranty. 

The MFJ-101 is available from MFJ 
Enterprises, Inc., for $29.95 plus 
$3.00 shipping and handling. 

To ..order, call toll-free 800- 
647-1800, or mail order with check or 
money order to MFJ Enterprises, 
Inc,, P.O. Box 494, Mississippi State, 
Mississippi 39762. 


mobile antennas 



A completely new line of mobile 
antennas has been introduced by Sig¬ 
nals Communications Corporation. 
The new line covers 30 through 512 
MHz. These high-performance, low- 
profile antennas feature plated whips, 
high-impact bases, and optional 
springs. These antennas will fill the 
needs of most professional and gov¬ 
ernment applications. The Match- 
mate mobile-mount adapter system 
permits the mounting of Signals an¬ 
tennas on all popular mounts. 

The mobile antennas feature solid 
dielectric coils enclosed in high- 
impact base covers. This configura¬ 
tion eliminates variation from coil to 
coil, thereby ensuring consistent high 
quality. The antennas are rated at 200 


watts with less than 1.5:1 VSWR, and 
50 ohms nominal impedance. 

The antenna whips are long enough 
to permit cutting to frequency. They 
are made of quadraplated 17-7PH 
stainless steel. This results in low¬ 
er skin effect losses and greater 
radiation. 

Contact Signals Communications 
Corp., 1 Signals Park, P.O. Box 4833, 
Manchester, New Hampshire 03108. 

rf speech processors 
for Drake 

The new Sherwood RF speech 
processors provide no-compromise 
rf/i-f envelope clipping for high intelli¬ 
gibility and unexcelled talk power. A 
specially designed eight-pole i-f crys¬ 
tal filter drives a highly effective ac¬ 
tive hard limiter (clipper). Great care 
has been exercised in developing reli¬ 
able, ultra-fast, high-isolation pin- 
diode switching of filters and the clip¬ 
per stage. Full eight-pole, low-leak¬ 
age receive and transmit capability is 
realized. The processors are rig pow¬ 
ered, and are easy to interconnect 
with your equipment. No drilling of 
holes is required. 

The 4-SP for the 4-Line transmit¬ 
ters (T-4X, T-4XB, and T-4XC) has 
separate LSB and USB eight-pole fil¬ 
ters of carefully chosen bandwidth 
for proper filtering ahead of its clip¬ 
per. The highly versatile 7-SP for the 
TR-7 not only improves your trans¬ 
mitted signal, but offers automatic 
transmit/receive switching as well as 
the option of selecting the proces¬ 
sor's special crystal filter for 16-pole, 
1.9- kHz receive bandwidth. In addi¬ 
tion, circuitry is provided for installing 
one of the normal accessory filters, 
such as the SL-500, on the processor 
board, allowing room for other filters 
in the TR-7 itself. 

All units have filter selection and 
clipping in/out switches, plus an out¬ 
put control after the clipper (for prop¬ 
er final/PA drive adjustment from 
band to band, or for precisely setting 
linear-amplifier excitation level). Clip¬ 
ping is adjusted by the rig micro¬ 


phone gain control. Each processor is 
housed in an attractive charcoal- 
colored cabinet, accented with white 
lettering, that blends well with all 
Drake equipment. High-quality ma¬ 
chine-screw construction is used (no 
sheet-metal screws to strip out), with 
top and bottom removable for easy 
access to both sides of the PC board. 

Model 7-SP for the TR-7 sells for 
$265.00; the 4-SP for the 4-Line 
transmitters sells for $285.00. Others 
will be available later. Money back if 
not satisfied. Master Charge and 
VISA welcome. Please add $3.00 
shipping/handling per order. Over¬ 
seas airmail add $6.00. Write to Sher¬ 
wood Engineering, 1268 South 
Ogden Street, Denver, Colorado 
80210. 

brochure from 
J.W. Miller 

A new four-page brochure de¬ 
scribing accessory equipment for 
Amateur Radio operators is now 
available from J.W. Miller, Division 
Bell Industries. Included in the bro¬ 
chure are descriptions and technical 
details of SWR and power meters, rf 
speech processors, precision coaxial 
switches, and various interference 
filters. 

Direct reading SWR, forward 
power, and reflected power are pro¬ 
vided by models CN-720 and CN-620 
over the 1.8-150 MHz range; model 
CN-630 covers 140-450 MHz. 

Rf clipping that insures low distor¬ 
tion is provided by models RF-440 
and RF-660 speech processors. 

Adjacent channel isolation of bet¬ 
ter than 50 dB at 300 MHz and 45 dB 
at 450 MHz is provided by two-posi¬ 
tion model CS-201 and four-position 
model CS-401 coaxial switches. The 
broadline of interference filters in¬ 
cludes high-pass, lowpass, audio, 
and ac power line filters. 

For additional information, contact 
Jerry Hall, Operations Manager, 
J.W. Miller Division, Bell Industries, 
19070 Reyes Avenue, Compton, Cali¬ 
fornia 90221. 
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multifunction 
frequency counter 

The FC-841 is a seven-digit multi¬ 
function frequency counter that 
covers .the 10-Hz to 50-MHz range. 
The tilt-view stand, all-steel case, and 
the 0.3-inch high LED readout facili¬ 
tate troubleshooting. Supplied with 
four AA cells, the counter can also be 
plugged into an ac outlet or a car's 
cigarette lighter. 

The FC-841 has a selectable gate 
time of 100 milliseconds or 1 second 
and a sensitivity of 30 mV rms, up to 
30 MFIz, decreasing to 60 mV rms at 
60 MFIz. The time base stability of the 
counter is 3 parts per million from 20° 
to30°C (68° to86°F). The instrument 
also features a switch for selecting 
the kHz or MFIz ranges. The FC-841 is 
supplied complete with batteries, an¬ 
tenna, and a test lead having alligator 
clips on one end and a BNC connector 
on the other end. 

Price is $90 from Soar Electronics 
Corp., 200 13th Avenue, Ronkon- 
koma, New York 11779. 

Hustler ten-meter Yagi 

A new beam, designated 10-MB-4, 
is the result of extensive antenna de¬ 
sign refinements by Hustler. The 
beam is a four-element Yagi opti¬ 
mized for best directivity, excellent 
front-to-back ratio, and maximum 
gain through selective element spac¬ 
ing, and precisely resonated element 
lengths. The 10-MB-4 has a gamma- 
match feed system and is adjustable 
for a 1.2:1 or better SWR. 

The Hustler 10-MB-4 is designed to 
withstand severe weather, yet it's 
light enough to be turned by a TV an¬ 
tenna rotator. The entire antenna is 
built from high-strength aluminum 
tubing and can easily be grounded for 
lightning protection. 

The new Hustler 10-MB-4 IO¬ 
meter beam has a suggested list price 
of $109.95 and is available now. For 
further information on this or other 
Hustler Amateur antennas, write 
Hustler Inc., 3275 North B Avenue, 
Kissimmee, Florida 32741. 


Microcraft Morse-A- 
Word code reader 

An eight-character Morse-code 
reader has been introduced by Micro¬ 
craft, for SWLs, beginners, and vet¬ 
eran Amateur Radio operators. It 
accepts audio signals from a commu¬ 
nications receiver's headphone, jack, 
or loudspeaker, and displays the de¬ 
coded characters. All text characters 
— letters, numerals, punctuation 
marks, special Morse-symbols, and 
word spaces — are shown sequen¬ 
tially on the display in moving-charac¬ 
ter fashion. Code speeds of 5 to 35 
WPM can be copied, depending on 
the setting of the front panel control. 
The Morse-A-Word also includes a 
built-in code-practice oscillator and 
monitor speaker for practice ses¬ 
sions. A complete kit is $169.95, and 
a wired and tested version is $249.95. 
Write to Microcraft, P.O. Box 513, 
Thiensville, Wisconsin 53092. 

computer logging 
package 

Snow Micro Systems, Inc., an¬ 
nounces a logging package for Radio 
Amateurs. This package, written in 
Northstar BASIC, allows Amateurs to 
keep their log records on floppy 
discs. 

The log data-file can be examined, 
edited, and printouts and summaries 
obtained of sections of the log. The 
entries can be listed by prefix such as 
G, G3, G3Z, G32C, or G3ZCZ. QSL 
card information can be automatically 
printed out by the computer. 

Different logs can be emended, 
merged, deleted, renamed, searched, 
and summaries listed on any of the 
seven output devices supported by 
the Northstar system. 

The package contains one disc, 
which includes sample logs and full 
instructions, and is available for 
$15.00, postage paid. 

For further information, write to 
Snow Micro Systems, Inc., P.O. Box 
1704, Silver Spring, Maryland; or tel¬ 
ephone (301)622-1931. 
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THE DX BULLETIN - Best weekly DX Inlo 
orFREE sample copy, send business-size 


RICAN DX REPORT - free sample - 
lies R2-R3. 615 S. Frederick Ave 
MD 20760 — Phone (301) 840-1907. 

Active audio 8-pole. Install In any radio, sc 
vldth. $15*32. SASE Inlo W8CBR, 80V\ 
rora, OH 44202. 
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a second look 

ggjj by Jim Fisk 


Just as we were about to go to press with this issue, the FCC adopted rules permitting the use 
of ASCII (American Standard Code for Information Interchange) on the Amateur bands; at press 
time the FCC had not yet set a date when Amateur ASCII transmissions would be permitted, but 
early March was suggested, so it's quite likely that you will hear some ASCII signals on the ham 
bands by the time you receive this issue of the magazine. If you don't have a terminal unit, how¬ 
ever, you probably won't be able to tell any difference from the Baudot code used until now for 
Amateur RTTY! ASCII is more versatile than Baudot, and is capable of handling 2 Vi times more 
individual characters (or unified commands), so it's much more powerful; it will be especially pop¬ 
ular with Amateurs who are also computer hobbyists and wish to link their computers and 
exchange programs over the air. 

For those readers who are not familiar with ASCII, it is a standard code used extensively in digi¬ 
tal data transmission, and is commonly used when computers "talk" to each other. RTTY and 
computer enthusiasts have been trying for some time to obtain ASCII authorization for use not 
only in conventional communications, but also for exchanging digital data, computer control of 
repeaters and remote stations, and even for exchanging digitized voice and video on the high- 
frequency bands. 

The new FCC rules permit the use of ASCII transmissions (carrier-shift keying, FI) on the same 
frequencies presently authorized for RTTY between 3500 kHz and 21.25 MHz at a maximum rate of 
300 baud. On the RTTY frequencies between 28 and 220 MHz transmission rates up to 1200 baud 
may be used with carrier-shift keying (FI), AFSK (F2), or amplitude tone-modulated keying (A2); 
above 420 MHz these modes may be used with rates up to 19.6 kilobaud. 

There is also considerable interest in packet radio, a digital mode used since 1978 by Canadian 
Amateurs on the 220-MHz band. Packet radio is basically a time-shared use of the same frequency 
channel that results in a tremendous savings of spectrum. Look at it this way: it might take you 20 
seconds to type a line on your terminal — and only a few thousandths of a second for the com¬ 
puter to process that line and enter it into storage. If the line is not transmitted character by 
character as you typed it but is sent as a short, high-speed burst at the end of each line, you have 
packet radio. 

At the keying rates permitted on 80 through 15 meters, the typical transmission time for a one- 
line packet would be something less than 2 seconds, a 10:1 savings over the time required to enter 
the line into the terminal in the first place. Therefore, up to 10 different stations could communi¬ 
cate on the same packet channel; the significantly higher keying rates permitted at vhf would per¬ 
mit 100 stations or more on the same frequency! You'll be hearing a lot more about packet radio in 
the months ahead, but in the meantime you may want to read VE2BEN's excellent "Introduction 
to Packet Radio" which appeared in the June, 1979, issue of ham radio. 

Jim Fisk, W1HR 
editor-in-chief 
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Hellschreiber 

Dear HR: 

The December issue of ham radio 
describes the Hellschreiber typing 
keyboard machine, and the article 
mentioned that the shortest pulses 
are 8.16 ms, producing a speed of 
122.5 baud and a minimum band¬ 
width of 61 Hz. 

Unfortunately for the system, the 
abrupt rise and fall times involved 
are quite broad. A similar system 
that has been on 14140 kHz from 
the Hsinhua News Agency in Peking 
for years (but now possibly removed 
at the request of the Intruder 
Match), is more like 3 or 4 kHz wide 
at a distance 6241 miles; it was hard 
to live with. There continue to be 
other signals here in the mornings 
on 3577, 3595, and 3845 kHz just 
before the 80-meter band closes to 
China. 

The system I heard during WW2 
was used by German fighter aircraft 
in interception, and directed from 
ground by this equipment. That was 
not so bad because vhf was used, 
and at some distance in frequency 
from other communications circuits. 

I think that it is a mistake to en¬ 
courage the use of this system of 14 
emission, which is not authorized by 
FCC Regulations, Section 97.61, ex¬ 
cept on frequencies of 51.1 MHz 
and higher. 

My tape of the Hsinhua transmis¬ 
sions was printed by G5XB, who 


thought that it was difficult for 
Chinese to read, and shows what 
would be expected when there may 
be as many as thirty or so strokes in 
one character. Obviously, that re¬ 
quires rather good facsimile defini¬ 
tion or it might not be possible to 
read. 

E. H. Conklin, K6KA 
La Canada, California 


Dear HR: 

The December issue of your maga¬ 
zine arrived this morning and as usual 
I sat down to skim it — saving the 
serious stuff for later. 

I was surprised at the Hellschreiber 
article. You see, I have one of these 
machines, sitting above the rafters of 
the shack, waiting until someone 
came up with the other one. 

That last remark is deliberate: It 
relates to the time of WWII when I 
was working with the Signal Service 
Section of the Signal Corps in Liege, 
Belgium. We were located in rear of 
the 15th Army; they were sending 
back captured German equipment to 
our depot, and we had no orders how 
to process it. We were very busy re¬ 
working our own equipment. I was 
acting as senior officer in charge of 
salvage and incoming equipment. 

Among the items coming in on the 
rail cars was this type of equipment. I 
intercepted three of these Hell- 
schreibers and shipped two home 
complete and one in parts less the 
case. Luckily, the case size just fit the 
maximum package size that could be 
shipped home. I was also depot se¬ 
curity officer, and as such knew what 
could be shipped and what couldn't. 
Numerous articles were shipped at 
my personal expense to the Signal 
Corps Laboratories at Fort Mon¬ 
mouth, where I had spent several 
weeks in 1942. 

Thanks to the poor work of the 
Army mail, and over-emphasis on 
what could, and could not, be re¬ 
ceived within a country still at war, 
only one of the Hellschreibers arrived 
at my father's home address. The 
other and the parts were not re¬ 


ceived, but I did receive some papers 
telling me that it was illegal to ship 
this stuff (our orders stated that 
souvenirs could be shipped only if 
certain papers were put on the out¬ 
side of the package). 

To say I was disgusted and angry is 
to put it mildly, but having only one 
Hellschreiber and no spare parts, I 
simply put it away until I could find 
use for it. I arrived home in Decem¬ 
ber, 1945, and with a new wife and 
setting up a home and finding work, 
it was forgotten for many months. 

Therefore, there is at least another 
of these machines in the United 
States. It will be marked inside with 
my call W6DKZ. The parts were not 
identified, as I thought no one would 
be interested in them. I am still look¬ 
ing for the missing machine, and 
would like to get in contact with any¬ 
one who might be saving it, as I in¬ 
tended it for a museum. If it turns up, 
I'll try out the two between some 
friends here in Santa Clara Valley. 

The Hellschreiber machines are all 
that the writer says they are, al¬ 
though I did not know they would 
work well through QRM. They were 
made to work on wire lines as simplex 
or duplex, with isolating coils, and 
since they employ a tone and ampli¬ 
fier, they don't interfere with speech 
on the lines. 

Henry B. Plant, W6DKZ 
San Jose, California 

'Apparently the German Wehrmacht 
was not alone in their use of the 
Hellschreiber system during World 
War II. Ed King, WA8PFB, of Louis- 
burg. West Virginia, reports that he 
has a U.S. Signal Corps BC-918B 
which has a similar ink pad and worm 
gear mechanism for "writing " on 
paper tape, but a photo-cell is used 
for the input. Ed's BC-918B has a 20- 
pin plug so it's part of a larger 
system, but Ed has been unable to 
locate the matching unit, or even to 
find a technical manual. Coes anyone 
have any more technical details on 
this equipment or any ideas how it 
was used, or know where there might 
be a technical manual? W1HR 
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RULES PERMITTING ASCII for U.S. Amateurs were adopted at an FCC Agenda meeting in 
late January, with its use on Amateur bands likely as soon as early March. In adopting 
the third Report and Order on Docket 20777, the Commission specified that Amateur ASCII 
transmissions must conform to ANSI Standard X3.4-1968, with FI (only) used on frequencies 
presently authorized for RTTY use between 3.5 and 21.25 MHz at a maximum rate of 300 baud; 
on RTTY frequencies between 28 and 225 MHz, FI, F2, and A2 may be used, at a transmission 
rate up to 1200 baud; and above 420 MHz, FI, F2, and A2 are all permitted, with a baud 
rate up to 19.6 kilobaud. 

Under The New Rule Section 97.69(b), ASCII will be permitted not only for conventional 
communications but also for such purposes as computer-to-computer communications, computer 
^controls of repeaters and other Amateur stations, and packet communications. No changes 
'were made in present bandwidth limitations, however, and further action on Docket 20777 
appears unlikely at this time. 

RULES FOR AN AMATEUR RADIO SATELLITE Service have been proposed by the Commission as 
a Notice of Proposed Rule Making on Docket 19852, which dates back to 1973. Under the 
NPRM a new Subpart H would be added to Part 97 to cover the new Amateur Satellite Service 
(AMSS), which would be open to all Amateurs subject to the restrictions of their licenses. 
"Space Operations," defined as "Space-to-Earth Amateur Radio Communications from a sta¬ 
tion which is beyond...a major portion of the Earth's atmosphere," would be limited to 
those Amateurs holding Extra Class licenses, however. 

Other Provisions of the proposed AMSS rules would require capability for imir 
shutdown of an Amateur station operating in space, but would permit stations in 
operate as repeaters and to operate without I.D. Bands proposed for the new AK 
7.0-7.1, 14.0-14.25, 21.0-21.45, 28.0-29.7, 144-146, 435-438, and 24000-24050 V. 























satellite computer 

for under$150 


The Hewlett-Packard HP-29C 
is put to work for OSCAR 
enthusiasts in computing 
orbital geometry 

The availability of card-reading calculators, such 
as the Hewlett-Packard 67 and SR-52, has made it 
possible for satellite users to track OSCAR without so 
much as using a pencil and paper. Fine programs for 
both machines have been written and published,’ 
but there's one pitfall associated with the two sys¬ 
tems — cost. For those who bought one of the $400 
gems for purposes other than satellite tracking, key¬ 
ing in the appropriate OSCAR program is certainly 
worth the effort. However, it's not likely that an 
Amateur Radio operator will spend that much money 
on a calculator for just satellite tracking, since an 
entire ground station needn't cost more than a few 
hundred dollars. 


the calculator 

A more realistically priced programmable calcula¬ 
tor that can serve the OSCAR commpnity as well as 
the geosynchronous-satellite enthusiasts is the Hew¬ 
lett-Packard Model HP-29C. Although the HP-29C 
doesn't have the luxury of a card reader, it does have 
continuous-memory capability, which, in my opin¬ 
ion, matches and in some instances outweighs the 
virtues of those card-readers that are dumbfounded 
when power is interrupted. The HP-29C may be pur¬ 
chased at college bookstores for as little as $135 — a 
modest sum compared with the price of automatic 
keyers that send CQ and little else! Even if purchased 
only for OSCAR purposes, the HP-29C's price is 
worth considering when you realize its full potential 
as an SWR calculator, dipole-length computer, or 
grocery-bill adder. Truly it's a good investment. 

the program 

Developing an OSCAR program that fits within the 
98-step memory limit of the HP-29C demanded a 

By Richard Cleis, WB6POU, 438 South 
Havenside Avenue, Newbury Park, California 
91320 
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fig, 1. Pertinent to the 
program is the coor¬ 
dinate-conversion fea¬ 
ture of the HP-29C 
calculator. When solv¬ 
ing a right triangle, 
given h and A. the P-R 
key yields a and b. Con¬ 
versely, given a and A, the R-P key yields h and A. 

process far removed from the popular memory-gobb¬ 
ling Napier's Rule formulas of expensive calculators, 
lyiy method requires no discrete trigonometric func¬ 
tions, but depends on the HP-29C's ability to perform 
rectangular-to-polar coordinate conversions and the 
reverse operation. The program does the following: 

1. Calculates azimuth and elevation to satellite 

2. Calculates slant range 

3. Runs in real time 

4. Displays real time 

5. Can be set backward or forward any number of 
minutes 

6. Can be set backward or forward any number of 
orbits 

7. Can be set to start at any time 

8. Works for any ground-station location 

9. Uses only il seconds per calculation 

10. Calculator can be turned off without losing track 
of OSCAR's position 

11. Program can be used to find azimuth, elevation, 
and slant range to a prescribed synchronous satellite 

The polar-rectangular (P-R) conversion key of the 
HP-29C is valuable because it yields the length of two 
sides of a right triangle when given the hypotenuse 
and the angle included in the hypotenuse and one 
side. The rectangular-polar (R-P) key does the opera¬ 
tion in reverse (see fig. 1). Nearly every aspect of the 
program uses these two functions. 

finding the rectangular 
coordinates of OSCAR 

One portion of the program determines the move¬ 
ment of the satellite by incrementing the number of 
degrees that the satellite travels in its approximate 
circular orbit. Assume OSCAR travels arc distance T 
degrees from an arbitrary point as shown in fig. 2. 
After the program recalls T and the radius r, of the 
orbit, values s and d are calculated with the P-R func¬ 


tion. Recalling the inclination of the satellite, and per¬ 
forming a P-R conversion in conjunction with s, 
yields z and v. The next portion of the program finds 
angle A and distance e through an R-P operation on 
v and d. 

During the period that OSCAR takes to travel arc 
distance T, the earth will have rotated beneath the 
satellite. The x and y axes have thus rotated counter¬ 
clockwise, as shown by the dotted line. The angle of 
rotation, R, is added to angle A, obtaining the sys¬ 
tem shown in fig. 3. Performing a P-R conversion on 
e and the new angle, A + R yields y and x, while z 
remains as calculated earlier. 

What's been accomplished during the previous cal¬ 
culations is the assignment of the satellite to a three- 
dimensional rectangular coordinate system. When 
the position of the tracking station is assigned to its 
rectangular coordinates on the same system as that 
of the satellite, the relative rectangular position of the 
satellite is determined by subtracting the correspond¬ 
ing x, y, and z values (fig. 4). 

finding azimuth, elevation, 
and slant range 

After the subtraction operations, the newx, y, and 
z values are used to set up the final coordinate sys¬ 
tem (fig. 5). Length g and angle B are calculated by 
converting z and x to their polar equivalents. The 
complement of the tracking station's latitude is then 
added to B, since we want to know the azimuth and 
elevation according to the earth's surface at the sta¬ 
tion rather than with reference to the x/y plane paral¬ 
lel to the equator. Next, a P-R conversion is performed 
on g and B+ (90-latitude) to obtain fand u. 



orbit. Values s and d are calculated with the calculator P-R 
function. 
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traveled arc distance T. 

Azimuth is derived by an R-P operation on the u 
and the y value calculated earlier. Since distance v is 
also found during the previous step, elevation and 
slant range can be derived by performing an R-P con¬ 
version on *and v. 

preparing the program 

The first time the calculator is to be used for track¬ 
ing a satellite, the program must be keyed in. Twelve 
data registers have to be filled. Since the HP-29C 
remembers when it's turned off, only half of the 
memories must be entered again so long as the sta¬ 
tion location is not altered. Registers 1 and 2 will 
change daily because they're the reference orbits' 
equatorial times and crossings respectively. 

Four other registers (.1, .2, .3, and 3) must be 
changed when you want to track a satellite other 
than the one for which the calculator is set up. In 
other words, if OSCAR 8's progression, inclination 
angle, orbit radius, and arc rate are stored in the data 
registers, they must be changed to represent OSCAR 
7's parameters, 
tracking a satellite 

Suppose the calculator is set for tracking OSCAR 7 
and you want to work it on December 20. The first 
step is to look up the reference node data for that 
date. Turn on your HP-29C, punch in the time in 
H.MS format. Store the data in register 1. Next key 
in the longitude. Store it in register 2. 

You must now guess the number of orbits that will 
pass before acquisition will occur. If you think three 
orbits will suffice, 3 should be entered and GSB 1 
depressed (see program, fig. 6). The calculator will 
then display the time at which the satellite crosses 
the equator after three passes beyond the reference 
node. 


Press the x-y key to display the crossing longitude 
relative to the station. If the crossing is 15 degrees 
east of the station, the displayed result is -15, since 
the difference between station longitude and satellite 
longitude decreases on successive orbits. 

If the node is 15 degrees west of the station, +15 
will be displayed, because successive nodes are fur¬ 
ther away from the station. 

You must guess with the GSB-1 function until you 
find an appropriate node that will produce an orbit 
likely to pass through the station window. Nodes 
between -45 and +25 are likely candidates for sta¬ 
tions with a latitude near that of Los Angeles. 

If you want to begin tracking the satellite from a 
nodal point, wait until the calculated crossing time 
arrives, then push GSB 2. The HP-29C does about 10 
seconds of number crunching, then displays the time 
for about a second, displays the slant range for a sec¬ 
ond, displays the azimuth for a second, displays the 
elevation for a second, then repeats the cycle until 1 
minute is used up. During each minute, the time is 
incremented, so that the calculator is tracking in real 
time. 

The ascending nodes of OSCAR 7 are often too far 
south for North-American stations to see, and they 
may occur during the middle of the window for 
southern Florida stations. Also, the descending 
passes aren't visible until the satellite travels up the 
back side of the earth — a 40-minute wait. 

Getting to the point, few operators will desire to 
begin tracking the satellite from the time it crosses 
the equator. The program is equipped with solutions 
to this problem. 

notes on calculator subroutines 

Two subroutines permit the track to be started at 
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satellite (azimuth, elevation, and slant range). 

any time and enable the time of acquisition to be 
easily found. Keying in any number of minutes and 
pressing GSB3willadvancethetime to the prescribed 
value. If a negative number is used the time will be 
back-tracked. This subroutine is similar to GSB 2; so 

User Instrurtkms 

-29 ^ OSCAR PROGRAM TOchMo 



after GSB 3 is called, the time will be altered, then 
the program will run in real time as if GSB 2 had been 
used. 

The other time-altering subroutine is GSB 4r By 
entering any time in H.MS format, then pressing 
GSB 4, the program will begin tracking at the pre¬ 
scribed time. 

To enhance your search for the acquisition time, 
the satellite elevation will be displayed as a negative 
number if it's below the horizon. If you make a guess 
that produces an elevation of, say, -45 degrees, 
then you can immediately assume that many minutes 
must be added. If an elevation of -3 degrees is dis¬ 
covered, then acquisition is only a few minutes 
away. 

To realize the usefulness of the features offered in 
this program, it must be stressed that the program is 
time based. The only register that changes is the time 
register, so the calculator may be turned off at any 
time during any subroutine without losing track of 
the satellite's position. If the calculator is turned off, 
turning it on and pressing GSB 2 will start it tracking 
at the time it was last calculating. The other subrou¬ 
tines will also function as if the calculator were never 
turned off. 

It's also important to note that the subroutine GSB 
1 is independent of the number of times that any 
other subroutines are used. In other words, whatever 



fig. 6. User instructions for the satellite-tracking program using the HP-29C calculator. 
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HD-73 HEAVY-DUTY 
ROTATOR 

with exclusive Dual-Speed Control! 

For antennas up to 10.7 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment—10,000 
in.-lbs. (side-thrust overturning); Starting torque — 400 in.- 
Ibs.; Hardened steel drive gears; Bearings-100-%" diam¬ 
eter (hardened); Meter — D'Arsonval, taut band (back¬ 
lighted). There’s much, much more — so get the whole story! 


Mail this coupon for complete details! 

| □ Send me complete details on the HD-73! 
□ Give me the name of my nearest dealer! 


YES! 


Hie ALLIA^VC^Man^ubrin^J^JUIw^ Ohio 44601 


the calculator is doing (on or off), if a number, n, is 
keyed in and GSB 1 is depressed, the time and longi¬ 
tude of the /?th node before or after the reference 
node will be calculated. Analogous independence 
rules can be applied to the other subroutines. 

program versatility 

Suppose the satellite's fourth orbit after the refer¬ 
ence node has just been tracked, and the time is 
0300. You want to work the following pass, so you 
can choose one of three alternatives: 

1. Enter 5 then GSB 1 

2. Enter 100 then GSB 3 

3. Enter 4.40 then GSB 4 

The first choice calculates the node of the next 
orbit. From that point you may start looking for the 
acquisition time with the other subroutines. The sec¬ 
ond choice adds 100 minutes to the time; an orbit 
lasts about 100 minutes, so the program is positioned 
somewhere near the window of the following orbit. 
From inside the window, it's easy to find the acquisi¬ 
tion time. The third choice is almost exactly the same 
as the second, except you must mentally add the 1- 
hour, 40-minute orbit period to the time (0300). 

synchronous satellites 

Finding azimuth, elevation, and slant range of a 
synchronous satellite requires entering a zero, the 
difference between the satellite and station longi¬ 
tudes, then the radius of a synchronous orbit. After 
pressing GSB 5, the calculator will display the time 
of the last satellite orbit (meaningless for this pur¬ 
pose), then it will display slant range, elevation, and 
azimuth in that order. 

credibility 

The methods used in this program should work for 
any near-circular orbit and any ground-station loca¬ 
tion. I've successfully used the program for OSCAR 7 
and OSCAR 8 on ascending and descending passes. 
Although I've never worked with the Russian satel¬ 
lites, I feel confident that the program will work as 
well for them. 
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I new class of 

coaxial-line transformers 


Coreless 4:1 and 1:1 
balun transformers 
are described with a 
systematic design procedure 
for making your own — 
Part 2 of a two-part series 


Part 1 of this article reviewed the theory of 
transmission-line transformers and baluns, as well as 
problems with magnetic cores such as arcing, distor¬ 
tion, and harmonics. A simple balun that doesn't de¬ 
pend on magnetic materials was described. A new 
class of coaxial transmission-line transformers based 
on the same principles as the coreless balun was in¬ 
troduced. Also described were two specific trans¬ 
former designs with experimental performance data. 

In this article I will describe additional 4:1 and 1:1 
balun transformers, including one for vhf. Impe¬ 
dance, VSWR, and balance data on these specific 
designs and on commercially available balun trans¬ 
formers are compared. I have included data on 
baluns working into various loads, with information 
on how to build and modify balun transformers. A 
systematic design procedure, evolved during the 
development of these transformers, is summarized. 

how to make 
coreless baluns 

While the balanced-to-balanced 4:1 transformers 
described in Part 1 are interesting, more useful con¬ 
figurations are 50-ohm unbalanced to 12.5-ohm bal¬ 
anced, and 50-ohm unbalanced to 200-ohm bal¬ 
anced, balun transformers. These were made in two 
stages using coreless baluns together with the bal- 
anced-to-balanced coreless transformers of figs. 5 
and 6 described in Part 1. 


The first step in making these balun transformers 
was to arrive at an optimum 50-ohm 1:1 balun de¬ 
sign. I tried many lengths of coax and many config¬ 
urations before choosing the design shown in fig. 1. 
A length of RG141/U* Teflon coaxial transmission 
line longer than 127 cm (50 inches) was used. A 
dummy length of line 127 cm (50 inches) long was 
soldered to the outer conductor of the Teflon coax 
127 cm (50 inches) from the end as shown in fig. 1. 



How to add a simple compensating winding to the W1JR 
balun to provide superior balance. Thanks to W6ZO for 
building the balun and suggesting the easy modification. 
Low reactance adjustable load shown is connected with 


1.27-cm (0.5-inch) copper strap for match and balance 
measurements. 


'Available from Radiokii, Box 429. Hollis. New Hampshire 03049. 
BG-142B/U (Beiden 83242-100) may also be used. 


By George Badger, W6TC, 341 La Mesa Drive, 
Portola Valley, California 94025 
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fig. 1. 50-ohm unbalanced to 50-ohm balanced coaxial balun. 
From the common point (system groundl to the output ter¬ 
minals, coax line A and compensating line B are each 127 
cm (50 inches). The lines were wound into a seven-turn 
random-wound coil of 11.5 cm (4.5 inch) nominal diameter. 
For clarity, only three turns are shown. Performance data 
are shown in table 1. 

The resulting 254 cm (100 inches) of line was then 
random wound into a nominal 11.5-cm (4.5-inch) di¬ 
ameter seven-turn coil. Fig. 1, for clarity, shows only 
three turns of coaxial line. The dummy length of line 
used for the compensating winding was made with 
RG-58A/U. The advantage of using small coax is 
that the balun is compact and results in a convenient 
configuration for mounting on beam antennas. Per¬ 
formance is shown in table 1. Note the excellent 
balance data. Balance was determined by measuring 
the rf voltage with respect to the common point 
(ground) at each of the output terminals when ter¬ 
minated with a floating matched load. The difference 
between the readings taken at each frequency was 
divided by the sum of the readings expressed as a 
percentage . The rf voltage was measured with an 
HP model 410C rf voltmeter. 

Rather than use coax for the compensating wind¬ 
ing, to save money and space I decided to try a 
length of hookup wire. I tried some surplus no. 12 
(2.1-mm) Teflon insulated wire. Hookup wire instead 
of coax for the compensating winding results in an 
excellent design. The balun is shown in the photo. A 
balun made this way was compared with one made 
entirely of coax. The two designs used for this com¬ 
parison were optimized for the low bands. Data 
taken on these designs are shown in table 2. This 
table compares the use of Teflon coated no. 12 (2.1- 
mm) wire with coax for the compensating winding. 
VSWR performance of the Teflon wire version was at 


least equal to that of the all-coax balun, and the 
balance was actually better. 

The balun design optimized for the 80 through 10 
meter bands (table 1) was made with 127-cm (50- 
inch) lines. The balun designs optimized for the 160 
through 20 meter bands (table 2) were made with 
254-cm (100-inch) lines. 

vhf balun 

A vhf version of the coreless 1:1 balun is shown in 
fig. 2. The balun has a nominal diameter of 5.8 cm 
(2.25 inches). The length of coax from the output to 
the common point is 45.7 cm (18 inches). An equal 
length of coax line is used for the dummy. The 
lengths of RG-58A/U were wound into a five-turn 
coil. Table 3 shows the performance of this balun. 

two-stage balun transformers 

After the 50 to 12.5 ohm and 50 to 200 ohm 
balanced-to-balanced transformers (Part 1) and the 
50-ohm unbalanced to 50-ohm balanced balun (see 
fig. 1) were optimized, I combined them into two- 
stage 50 to 12.5 ohm and 50 to 200 ohm unbalanced- 
to-balanced configurations. These two-stage trans¬ 
formers are shown in figs. 3 and 4. Tables 4 and 5 
show performance data. 

The first stage converts from 50-ohm unbalanced 



Compact broadband 1:1 balun. The only materials used area 
short length of RG-141/U and insulated hookup wire. The 
balun provides excellent match, balance, and several kW 
reserve power-handling capability. 


march 1980 BB 19 





fig. 2. Vhf version of the coreless balun. Length of each line 
from the common point to the output terminals is 45.7 cm 
(18 inches). The lengths of RG-58A/U were wound into a 
five-turn coil of about 5.8 cm (2.25 inches) diameter. For 
clarity, only one turn is shown. The center conductor of the 
compensating coax line winding may be left floating or 
shorted to the outer conductor at both ends. Performance 
data are shown in table 3. 


lo 50-ohm balanced; the second stage converts from 
50-ohm balanced to 12.5-ohm or 200-ohm balanced 
loads. Note that the bandwidth of these two-stage 
balun transformers is somewhat less than that of the 
individual stages. 

When the two stages are coiled together into one 
compact bundle of coax, the way in which connec¬ 
tions are made between the two stages is important. 
Note the lead crossover between the first and second 
stage (fig. 4). Performance was significantly better 
when the leads between stages were cross-connect¬ 
ed because of the magnitude and direction of rf cur¬ 
rent flow over the coaxial-line outer conductors. The 
leads between the two stages must be short. The 
length of grounding wire, AB, was not critical. 

a 50/12.5-ohm unbalanced- 
to-unbalanced transformer 

A transformer particularly useful for matching low- 
impedance unbalanced loads, such as a mobile whip 
or short ground plane antenna, is shown in fig. 5. 
Note that this configuration differs from the designs 
described earlier because the line lengths aren't ran¬ 
dom wound into a common coil and, therefore, 
aren't coupled together. Because of the unbalance- 
to-unbalance connection, both ends of the outer 
conductors of line CD are grounded. Thus, line CD, 


if coiled with and therefore coupled to coil AB, 
would act like a shorted turn, reducing the common¬ 
mode impedance of coil AB. Both ends of line CD 
are at the same potential so no isolation impedance is 
required. Thus the line may be positioned in any con¬ 
venient way that doesn't couple to coil AB. The line 
is shown folded in the drawing to minimize coupling. 
The line may be twisted and taped to the incoming 
50-ohm line. Line CD must be the same length as line 
AB so that the two rf paths are equal, thus preserv¬ 
ing the phase relationship. Lines AB and CD are 
each 127 cm (50 inches) long and are made of two 
paralleled lengths of RG-58A/U. 

Performance data on the 50/12.5-ohm unbalance/ 
unbalance transformer is shown in table 6. The 
VSWR data show the harmful effect of the shorted 
turn when CD is coiled and coupled to AB. The 
VSWR curve could be centered to improve the match 
at the low end by adding length to lines AB and CD 
by the design techniques described later. 

efficiency and power 

The power-handling capability and efficiency of 
these new transformers made with RG-58/U coaxial 
cable were analyzed in Part 1. The 4:1 baluns shown 
in figs. 5 and 6 of Part 1 and fig. 5 of Part 2 can han¬ 
dle 1 kW at 30 MHz. This is twice the rating of RG- 



transformer is a two-stage design combining the trans¬ 
former of fig. 5 (Part 1) with the balun of fig. 1. Performance 
data are shown in table 4. 
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fig. 4. This 50-ohm unbalanced to 200-ohm balanced balun 
transformer is a two-stage design combining the trans¬ 
former of fig, 6 (Part 1) with the balun of fig. 1. Performance 
data including balance are shown in table 5. 

58A/U cable because the line pairs are connected in 
series or parallel. 

In the case of the coreless 1:1 baluns, all of the 
power is transmitted through a single coax. There¬ 
fore, for high-power applications, the 1:1 baluns 
must be made with RG-8/U or RG-141/U transmis¬ 
sion line. RG-141/U is the same size as RG-58A/U 
but it's about four times as expensive. The dielectric 
used in this coax is Teflon; therefore, the baluns can 
handle about 5 kW at 30 MHz. Using RG-141/U or 
RG-142B/U results in a rugged balun of reasonable 
size. From my experience, these compact baluns 
made with Teflon coax are virtually indestructible in 
Amateur use. 

Efficiency of the Teflon coax balun shown in the 
photo was tested by the method described in Part 1. 

table 1. Performance of the 50-ohm balun shown in fig. 1. 
Balance expressed as a percentage is shown. This design 
was optimized for 80 through 10 meters. 

F 0 Z 0 balance 

(MHz) (ohms) degrees VSWR (percent) 

3.5 48 16 133 2.8 

4.0 49 14 138 2.1 

7.0 50 10 1.19 1.3 

14.0 50 8 1.15 2.5 

21.0 51 8 1.15 4.2 

28.0 52 9 1.18 1.3 

30.0 53 9 1.18 1.3 


Efficiency was better than 95 per cent over the useful 
bandwidth shown in table 2. 

comparison with 
commercial products 

Just how good are these balun transformers 
regarding match and balance? The best way to 
answer this question is to compare them with 
popular, commercially available products. The 
devices described here were compared with a com¬ 
mercial ferrite rod core 1:1 balun and a commercial 
toroid-wound 1:4 balun transformer. Performance 
comparisons are summarized in tables 7 and 8. 
Table 7 shows the comparison between the com¬ 
mercial 1:1 ferrite-core balun and the corless balun of 
fig. 1. Table 8 compares the performance of the 
commercial 1:4 toroid balun transformer with the 
two-stage 50/200 ohm balun transformer shown in 
fig. 4. On the average, the VSWR and balance are 



fig. 5. This 50/12.5-ohm unbalanced-to-unbalanced 
transformer consists of two 127-cm (50-inch) parallel 
pairs of RG-58A/U coaxial cable connected in series 
at the input and in parallel at the output. Line CD 
must be the same length as line AB and should not be 
coupled to AB. Data comparing the coupled and un¬ 
coupled cases are shown in table 6. 
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table 2. Comparison of two baluns optimized for the low bands. Baiun A was made entirely of coax as 
shown in fig. 1 but with 2S4-cm (100-inch) lines. Baiun B is identical except for the dummy compensa¬ 
tion line, which was made with an equivalent length of insulated no. 12 )2.1-mm) wire. These baluns 
are optimized for the low bands, so performance is good on 160 meters and poor on 10 meters. 


F 0 Z 

(MHz) (ohms) 

1.8 53 

2.0 53 

3.5 53 

4.0 53 

7.0 53 

14.0 53 


balun A 
0 

(degrees) VSWR 
10 1.20 

9 1.18 

4 1.10 

3 1.08 

0 1.06 

1 1.02 


balance 
(per cent) 
3.8 
4.7 
4.5 
4.5 

5.1 

6.1 


balun B 

Z 6 

(ohms) (degrees) VSWR 
51 6 1.11 

51 5 1.09 

51 2 1.04 

51 1 1.03 

49 1 1.05 

46 5 1.13 


balance 
(per cent) 


2.00 

4.00 


better for the devices described here than for the 
commercial balun transformers tested. I evaluated 
only two commercial balun products, which were 
selected at random. 

balun performance 
with varying loads 

All the test data were taken with terminations for 
which the balun transformers were designed. In the 
real world, balun transformers are connected to 
antennas. Antennas are rarely ideally matched; as 
operating frequency is changed across the band, 
both resistive and reactive components of the anten¬ 
na impedance change. It is therefore important to 
understand the influence of the balun when ter¬ 
minated with other than the characteristic im¬ 
pedance of the line and balun. 

I tested the coreless balun of fig. 1 and a commer¬ 
cial 1:1 balun at 3.5 and 14 MHz with loads varying 
from 16 to 150 ohms. These measurements are sum¬ 


marized in table 9. Impedance magnitude, phase 
angle, and calculated VSWR of the loads are listed. 
Measurements taken through the balun of fig. 1 and 
the commerical balun are also recorded. Both re¬ 
sistive and reacitve components of the impedance 
looking through the baluns varied widely from the 
data taken on the loads alone. In general, however, 
the resulting VSWR was not significantly altered. 

table 3. Performance of the vhf balun shown in fig. 2. 

F 0 Z a 

(MHz) (ohms) (degrees) 

21 60 10 

28 60 5 

30 60 15 

50 53 -1 

56 52 -1 

70 48 3 

80 49 6 

90 50 8 

100 54 12 


VSWR 

1.29 

1.22 

1.22 

1.06 

1.05 

1.07 

1.11 

1.15 

1.25 



fig. 6. Compensating winding added to W1JR balun 2 
for improved performance. A length of no. 16 (1.3-mm) 
Teflon insulated wire equal to the coax line, wound and 
connected as shown, improves balance and VSWR of 
the uncompensated balun. 


balun rf distortion measurements 

Saturation effects in magnetic-core materials in 
balun transformers may contribute to nonlinearity 
and cause generation of harmonics with attendant 
TVI problems. However, to my knowledge, this prob¬ 
lem has not been addressed in the literature and no 
measurements have been made to lend experimental 
validity to these concerns. For this reason a popular 
commercially available rod magnetic core 1:1 balun 
was measured for nonlinearity at a power level of 2 
kW PEP. 

The two-tone test method 1 offers a convenient 
means for measuring harmonic distortion. It's the 
method commonly used for determining the linearity 
of power tubes and solid-state devices. If two rf 
signals are linearly combined and are equal in 
amplitude, the resultant envelope varies periodically 
from zero to maximum. When a two-tone rf signal is 
passed through a nonlinear device, many new signals 
are produced, including harmonics and products 
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resulting from harmonics and the original signals. 
Products that fall near the original signals in frequen¬ 
cy are known as odd-order products (3rd, 5th, 7th, 
9th, 11th). The measurement of the amplitude of 
these products with respect to the amplitude of one 
of the original signals is an excellent method for 
evaluating the harmonic distortion products gener¬ 
ated by a nonlinear device. 

The two-tone method was used to measure the 
harmonic distortion contribution of the commercial 
ferrite balun. In this experiment, the two rf signal 
sources were 2000 Hz apart at 2.001 and 2.003 MHz. 
The signals were combined and amplified to 2 kW 
PEP and fed through the balun to the load. The 
distortion products were measured with a modified 
HP310A Wave Analyzer. Power output at the 50- 
ohm load was measured with an HP3400A rms Volt- 
Meter. Table 10 summarizes the results of the 
measurements. Note the3rd-order distortion product 
increased from 43 to 39 dB below one of the two 
original signals, a 4-dB deterioration. Under the set 
of power-amplifier operating conditions chosen, the 
5th- and 7th-order products decreased, and the 9th- 


table 4. Performance characteristics of the two-stage 
50/12.5-ohm transformer of fig. 3 consisting of the balun of 
fig. 1 combined with the 4:1 transformer of fig. 5 (Part II. 


F 0 Z 

(MHz) (ohms) 

3.5 53 

4.0 53 

7.0 56 

14.0 55 

21.0 47 

28.0 45 

30.0 47 


(degrees) VSWR 

22 1.49 

20 1.44 

9 1.21 

-1 1.10 

-1 1.07 

10 1.23 

12 1.25 


balance 

(percent) 

3.5 
2.7 
2.1 

3.3 
0.0 

4.3 

6.5 


order distortion product again increased. 

It's clear from these measurements that you can't 
assume that a magnetic-core device, such as a ferrite 
core balun, is perfectly linear at all power levels. 
Unless flux density is held below the saturation 
threshold for the core material used, magnetic-core 
baluns and transformers can affect the linearity of 
your equipment and may cause Tvl through the 
generation of harmonics. 

W1 JR balun improvement 

Joe Reisert, W1JR, made an excellent contribu¬ 
tion to the state of the art in his article, "Simple and 
Efficient Broadband Balun," in the September, 1978, 
issue of ham radio. 2 An improvement in the balance 
of the W1JR balun can be made by the very simple 
addition of a length of insulated hookup wire wound 
on the toroid as a continuation of the coax winding. 

•Also proposed by K4KJ and discussed in the February. 1980. issue of ham 
radio . page 28. 



coreless balun. This useful coaxial line component changes 
the phase of an rf signal applied at the 50-ohm input ter¬ 
minal by 180°; the phase reversal is produced by the cross 
connections between the two coaxial lines at A-B. Connec¬ 
tions at A-B are isolated from ground by the self-resonance 
of the coiled coax lines. Construction, dimensions, and con¬ 
nections are the same as the coreless balun shown in fig. 1. 
From the common point C (system ground) to the output 
terminals, coax lines A and B are each 127 cm (50 inchesl 
long. The lines are wound into a seven-turn random wound 
coilof11.5cm (4Vi inches) nominal diameter. For clarity, only 
one turn is shown. Performance data is shown in table 12. 

See fig. 6 and the photo. The length of the compen¬ 
sating winding must, of course, be equal to the coax 
length. This modification was made at the sugges¬ 
tion of Ray Rinaudo, W6ZO.* It's based on the prin¬ 
ciples described in Part 1, showing how the length of 
coiled coaxial line of fig. 2 (Part 1) is evolved into the 
compensated balun of fig. 3 (Part 1). 

Data showing VSWR and inherent balance of the 
compensated and uncompensated baluns are shown 
in table 11.. The balance measurement was made by 
terminating the balun with 50 ohms, driving at the 
frequencies shown, and measuring the voltage with 
respect to ground (enclosure) at each of the output 
terminals. Note the very significant variations in 
balance shown for the uncompensated balun, com¬ 
pared with the reasonably good inherent balance 
shown in the right-hand column. Balance is defined 


table 5. Performance characteristics of the two-stage 
50/200-ohm transformer of fig. 4 consisting of the balun of 
fig. 1 combined with the 4:1 transformer of fig. 6 (Part 1). 


lohms) (degrees) 
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table 6. Performance of 50/12.5-ohm unbalanced-to-un- 
balanced transformer of fig. 5. The two right-hand columns 
compare VSWR of coupled and uncoupled configurations as 
explained in the text. VSWR on the 80-meter band can be im¬ 
proved by increasing the length of the coax lines as ex¬ 
plained in the design procedure. 

F 0 Z 

(MHz) (ohms) 

3.5 49 

4.0 50 

7.0 54 

14.0 58 

21.0 61 

28.0 55 

30.0 53 

as the difference between the rf voltage readings at 
each of the two output terminals to ground (en¬ 
closure) divided by the sum of the two readings, ex¬ 
pressed as a percentage. 

Fig. 7 shows how to build a useful component for 
reversing the phase of an rf signal in a coaxial line. 
This phase inverter is useful for coaxial-fed W8JK 
antennas and other close-spaced phased arrays. The 
phase reversal takes place at the cross connection of 
two coax lines at terminals A and B. Terminals A and 
B are isolated from ground by the self-resonance 
principles described last month (fig. 3) and in fig. 
12. Terminals A and B are not shorted by the 
grounded common connection between the coax 
outer conductors at C because of the high im¬ 
pedance over the outer conductors of the coiled coax 
lines. Of course, 180-degree phase shift can be ac¬ 
complished in coax with a half-wavelength line; 
phase shift by this method, however, depends on 
frequency. The simple device shown in fig. 7 inverts 
phase by 180 degrees independent of frequency; it 
inverts rf phase by exactly 180 degrees, with respect 
to equivalent length of coaxial cable, over a very 
broad band of frequencies. Measured broadband 
VSWR performance of the phase inverter is shown in 
table 12. 

Phase inverters optimized for other frequency 
ranges may be designed according to the systematic 


0 VSWR VSWR 

(degrees) (uncoupled) (coupled) 
20 1.4 1.6 

19 1.4 1.6 

14 1.3 1.5 

11 1.3 1.5 

6 1.2 1.6 

4 1.1 1.4 


design procedure for balun transformers detailed at 
the conclusion of this article, 
summary of results 

Of the various coreless rf devices made during the 
project, eleven are described in Parts 1 and 2 of this 
article. For convenience, they are summarized in 
Table 13, which correlates the construction of each 
device with measured performance data. 

The transformers described in this article were, for 
the most part, designed with a combination of intui¬ 
tion and practical experience with coax baluns. How¬ 
ever, as the project evolved, I gathered information 
that can be organized into a systematic design pro¬ 
cedure. For example, N6AIG suggested a method of 
analysis starting with diagramming all of the possible 
ways to connect the ends of two or more coaxial 
cables. 


<M> 4a> <U> 

e • g 


0 • 




fig. 8. Various connections for pairs of coaxial lines. Polarity 
is arbitrarily assigned to the terminals, and the resulting 
polarity of the center conductors with respect to the outer 
conductors is indicated. 


The diagram of fig. 8 shows most of the connec¬ 
tions possible with a pair of lines, and fig. 9 shows 
some of the combinations for four lines. Similar 
diagrams can, of course, be drawn for any number of 
lines. Polarities are then assigned to the network ter¬ 
minals. 

Next, assign polarities to each of the coax center 
conductors with respect to the outer conductors. Ex- 


table 7. Performance of the 50-ohm coreless balun shown in fig. 1 compared with a commercial 
ferrite-core balun. VSWR was calculated from the impedance magnitude and phase data and is re¬ 
ferred to 50 ohms. 


F 0 Z 

(MHz) (ohms) 

3.5 48 

4.0 49 

7.0 50 

14.0 50 

21.0 51 

28.0 52 

30.0 53 


coreless balun 

0 

(degrees) VSWR 
16 1.33 

14 1.28 

10 1.19 

8 1.15 

8 1.15 

9 1.18 

9 1.18 


balance 
(per cent) 
2.8 
2.1 
1.3 


ferrite-core commercial balun 


(ohms) (degrees) VSWR 
49 11 1.21 

49 9 1.17 

50 9 1.17 

55 11 1.24 

63 12 1.37 

72 5 1.46 

75 8 1.54 


balance 

(percent) 

11.8 

12.0 

11.6 


1.6 
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table 8. Performance characteristics of a popular commercial 1:4 toroid balun transformer compared 
with the two-stage 50/200-ohm balun transformer of fig. 4. 


F„ 

(MHz) 

3.5 

7.0 

14.0 

21.0 

30.0 


coreless balun transformer 
Z 8 

(ohms) (degrees) VSWR 
60 25 1.63 

60 3 1.21 

48 0 1.04 

51 10 1.19 

60 -1 1.20 


(per cent) 

1.3 
0.6 
0.6 
0.0 

3.3 


commercial toroid balun transformer 


Z 6 

(ohms) (degrees) 
53 6 

53 8 

54 16 

57 27 

69 44 


balance 
VSWR (per cent) 
1.12 1.8 

1.16 2.5 

1.34 12.0 

1.66 18.0 

2.53 21.0 


amples of these assignments are shown in figs. 8 
and 9. 

Now make a table similar to table 14. This table 
ifi/ill be an aid in analyzing each of the possible end- 
connection combinations. Construct the table by 
choosing the input and output connections you want 
for your application, taking into account balance/un¬ 
balance and impedance. Show these connections in 
columns 1 and 2. 

Next, determine whether there is a polarity match. 
The input connection must be compatible with the 
output connection. This is determined by inspecting 
the polarities assigned to the inner conductors. For 
example, A cannot be matched with B in fig. 8 
because A has one + and one - center conductor 
polarity, whereas B has two + polarities. A and D 
are compatible because both have + and - 
polarities. Indicate whether there is a polarity match 
in column 3. 

Whether the connection is balanced or unbalanced 
can be determined by inspection; this information is 
entered in columns 4 and 5. For example, A is 
balanced and B is unbalanced. An unbalanced con¬ 
nection can be converted to a balanced connection 


by the addition of one or more compensating lines. 
For example, unbalanced connection F or fig. 8 may 
be converted to a balanced configuration by con¬ 
necting the outside conductor of a dummy length of 
coax to the positive terminal. Wind the coax as a 
continuation of the line connected to the negative 
terminal. 

Part 1 explained how the compensating winding 
creates balanced terminals by showing how the 
isolated terminals of fig. 2 (Part 1) evolve into the 
balanced terminals of fig. 3 (Part 1). 

Input and output impedances of transformers 
made with 50-ohm lines are shown in table 14, col¬ 
umns 6 and 7. For example, for connections A-D 
(third line in table 14, the input impedance is 25 
ohms, because two 50-ohm lines are connected in 
parallel at the input. The output impedance is 100 
ohms, because the two 50-ohm lines connected in 
series at the output are properly terminated with 
100 ohms. 

The transformation ratio (column 8) is simply 
determined from columns 6 and 7. If the transformer 
in this case had been made with 75-ohm line, the in¬ 
put impedance would be 37.5 ohms, and the output 


table 9. This table compares the performance of the corless balun of fig. 1 with that of a typical 1:1 commercial ferrite core 
balun with varying loads. VSWR is calculated with respect to 50 ohms from the impedance magnitude and phase-angle data. 


load 

F 0 R 6 

(MHz) (ohms) (degrees) 

3.5 16.0 7 

3.5 20.0 4 

3.5 25.0 3 

3.5 33.0 2 

3.5 50.0 1 

3.5 75.0 0 

3.5 100.0 0 

3.5 125.0 -1 

3.5 150.0 -1 

14.0 16.5 22 

14.0 21.0 20 

14.0 25.0 18 

14.0 32.0 14 

14.0 51.0 7 

14.0 75.0 5 

14.0 100.0 3 

14.0 125.0 1 

14.0 150.0 1 


coreless balun 

r e 

VSWR (ohms) (degrees) 


VSWR 


commercial ferrite balun 
R 8 

(ohms) (degrees) VSWR 


3.1 22.0 34 

2.5 25.0 28 

2.0 28.5 25 

1.5 37.0 21 

1.0 54.0 20 

1.5 77.0 20 

2.0 98.0 25 

2.5 127.0 24 

3.0 140.0 31 

3.3 53.0 60 

2.6 54.0 48 

2.2 54.0 34 

1.7 57.0 30 

1.1 56.0 2 

1.5 62.0 - 20 

2.0 62.0 - 36 

2.5 65.0 - 46 

3.0 66.0 - 50 


2.9 17 25 

2.4 22 20 

2.1 26 18 

1.6 35 15 

1.3 51 13 

1.8 75 14 

2.0 97 25 

2.9 122 18 

3.4 144 20 

3.7 33 60 

2.6 36 51 

1.9 38 46 

1.8 43 35 

1.1 61 15 

1.5 80 0 

2.0 100 -13 

2.6 117 -21 

2.9 126 -26 


3.2 

2.5 
2.1 

1.6 

1.3 
1.6 

2.3 
2.6 
3.1 


2.6 

2.9 
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table 10. Summary of the distortion contribution of a typical 
commercial ferrite core balun at 2 kW PEP. The linearity of a 
high-power linear amplifier was measured with and without 
the balun connected between the amplifier and the load. 


distortion products, 
amplifier without balun (dBI 
distortion products, 
amplifier with balun (dB) 


odd order products 
3rd 5th 7th 9th 11th 

43 43 52 63 60 

39 48 56 60 60 


impedance would be 150 ohms. Incidentally, the 
transformer of this example (A-D, table 14) is the 
same configuration as that shown in fig. 4 of Part 1 
except that input and output connections are re¬ 
versed. All the possible connections are not listed in 
table 14, as indicated by the dashed lines. Com¬ 
pleting the list of possible combinations is left as a 
challenge to the reader. 

The next step is to determine how the lines are to 
be coiled and to determine the coupling between the 
coils. Draw a schematic diagram similar to fig. 1 of 
Part 1. A sample drawing of the example A-D in 
table 14 is shown in fig. 10. For analysis, assign an 
arbitrary input rf voltage of 100 volts. In this case, 
the input is balanced, so a balanced input voltage of 
± 50 volts is assigned. A total of 100 volts is applied 
to each line, so the output voltage is 200 volts (+ 100 
volts with respect to ground). Note that 50 volts ap¬ 
pears along the outside conductor across the length 
of each of the lines. 

Determine the magnitude and polarity of the volt¬ 
age along the outer conductors by tracing the ap¬ 
plied voltage. Current will tend to flow over the out¬ 
side of the outer conductors in the direction shown 
by the arrows. Sufficient impedance must be pro¬ 
vided to prevent shorting the applied voltage. 
Another example of this technique for analysis is 
shown in the schematic of the unbalanced-to-un- 
balanced 50/200-ohm transformer of fig. 11. 

The required common-mode impedance is pro¬ 
vided by coiling the coaxial lines. The lines of fig. 10 



may be coiled together (closely coupled), because 
the voltage across the two lines is the same. The 
direction of current flow dictates that the lines must 
be coiled together as shown in fig. 4 of Part 1. If the 
lines are coiled in opposite directions so that the cur¬ 
rent flow, as indicated by the arrows, is in the same 
direction, the coils will have positive mutual coupling 
and maximum common-mode impedance (input/ 
output isolation). This is the reason the lines are 
coiled together into a continuous winding as shown, 
for example, in fig. 4 of Part 1. 


table 11. Comparison of W1JR Balun? with and without compensating winding. Additional winding of insulated hookup wire 
on the toroid shown in the photograph and the drawing (fig. 6B) substantially improves balance as shown below. Because of 
lead length, load VSWR is high at 14 MHz and above. See load data below. 


load 

Fg z e 

(MHz) (ohms) (degrees) VSWR 


3.5 49 

4.0 49 

7.0 49 

14.0 49 

21.0 50 

28.0 52 

30.0 52 


2 1.04 

3 1.06 

5 1.09 

10 1.19 

15 1.30 

19 1.41 

21 1.46 


W1JR balun, 2 uncompensated 
Z 0 balan 

(ohms) (degrees) VSWR (percr 


W1JR balun, : 
Z 0 

(ohms) (degrees) 

49 7 

50 6 

50 7 

52 8 

61 8 

51 -11 

36 -1 


compensated 

balance 
VSWR (per cent) 
1.13 1.5 

1.11 1.5 

1.13 1.5 

1.16 0.0 

1.28 0.0 

1.36 7.1 

1.21 15.0 

1.39 39.0 


26 SI march 1980 







Depending on the choice of the many input/out¬ 
put configurations partially listed in figs. 8 and 9, the 
coaxial lines may or may not have current flow similar 
to that in example A-D. In some configurations, the 
direction of current flow on two lines is the same, in 
which case the lines must be wound together in the 
same direction. In other configurations, the voltage 
drops are not the same, so the coils should not be 
tightly coupled. The configuration shown in fig. 11 is 
an example. In a number of unbalanced-to-unbal- 
anced configurations, the voltage drop in one or 
more of the lines is zero (zero current flow). These 
lines should not be coupled with lines having voltage 
drop, because lines with zero voltage drop act like 
shorted turns. The unbalanced-to-unbalanced trans¬ 
former of fig. 5 is an example of this. 

The outer conductor of coax CD (fig. 5) has the 
same potential at both ends. It should not, therefore, 
be coupled to the coiled length AB. The effect of try¬ 
ing to couple incompatible coils together is shown in 
the two right-hand columns of data in table 6. 



fig. 10. Schematic of the example A-D table 13 and fig. 4 of 
Part 1. A balanced input voltage of 100 volts (±50 volts) is 
assigned for analysis. 50 volts appears across the outer con¬ 
ductor along the length of each line, causing current to flow 
in the direction of the arrows. Enough impedance must be 
provided along the outside of the lines to prevent shorting 
the applied voltage. 

Fig. 9 shows some of the many possible input and 
output connections for a group of four coax lines. 
Terminal and coax center-conductor polarities are in¬ 
dicated in the same format as in fig. 8. A number of 
the four-line connections are shown in table 15 to 
serve as examples. Transformers consisting of any 
number of lines may be analyzed in this way. The 
highest transformation ratio depends on the number 
of coax lines. Table 14 shows that two lines can 
achieve a transformation of four, and table 15 shows 
that four lines can achieve transformation ratios up 
to sixteen. The highest transformation ratio available 
is equal to the square of the number of lines.3 The 
length of all lines should be the same, to preserve 
phase relationships. 

The final step in the design procedure is to deter¬ 
mine the optimum length of coax line and the num¬ 
ber of turns in the coil. If the coil has too few turns, 
performance will be poor at low frequencies; if it has 
too many turns, performance will be poor at high fre¬ 
quencies. As an example, in the balun described in 



analyze a transformer configuration for direction and 
magnitude of voltage drops over the outside conductors of 
the coax lines. Lines AB and CD should be wound together 
in parallel and in the same direction for positive mutual 
coupling, like coiled line AB in fig. 5. Lines EF and GH 
should be wound together in opposite directions for the 
same reason. 

fig. 1, each RG-58A/U line is 127 cm (50 inches) 
long. The lines were random wound into a 11.5-cm 
(4.5-inch) nominal diameter coil. VSWR performance 
over the useful frequency range is shown in table 1. 
Note the increase in VSWR at the ends of the fre¬ 
quency range and compare this with fig. 12. 

Fig. 12 shows the impedance across the output 
terminals of the balun of fig. 1 plotted as a function 
of frequency. When the balun is open circuited; that 
is, when the center conductor at the output is dis¬ 
connected from the dummy coaxial line,the self¬ 
impedance of the coax coiled outer conductor can be 
measured. The vector impedance meter was con¬ 
nected from point A to point B (fig. 12), and the im¬ 
pedance magnitude was measured between 1 and 70 
MHz. Note that the impedance from A to B is always 
greater than 50 ohms, the line surge impedance, over 
the useful frequency range of the balun (table 1). 

When designing a balun or transformer to your 
needs, make the coil self-resonant frequency approx¬ 
imately equal to the average of the upper and lower 
frequency limits of the band of interest. For example, 
if you want to design a transformer to cover 3.5-30 
MHz, the open-circuited coil self-resonant frequency 
should be about 16 MHz. If you want your balun/ 
transformer to be optimum for 160, 80, and 40 me- 


table 12. Broadband VSWR performance of the 50-ohm to 50- 
ohm coax phase inverter shown in fig. 7. 


F 0 z 

(MHz) (ohms) 

3.5 54 

4.0 54 

7.0 57 

14.0 53 

21.0 48 

28.0 46 

30.0 46 


0 

(degrees) VSWR 

16 1.34 

14 1.30 

4 1.16 

-3 1.08 

-2 1.06 

4 1.11 

7 1.16 
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Table 13. Tabular summary of the balun transformers built and measured by W6TC. 


input/output 

impedance 

ohms ratio 


input/output 

balance 


50/12.5 

50/200 ■ 

50/200 

50/50 

50/50 

50/50 

50/50 

50/12.5 

50/200 

50/12,5 

50/50 


4:1 balanced/balanced 

1:4 balanced/balanced 

1:4 balanced/balanced 

1:1 unbalanced/balanced 

1:1 unbalanced/balanced 

1:1 unbalanced/balanced 

1:1 unbalanced/balanced 

4:1 unbalanced/balanced 

1:4 unbalanced/balanced 

4:1 unbalanced/unbalanced 

1:1 unbalanced/unbalanced 


ters, make the resonant frequency about 4,5 MHz. 
For two or three adjacent band designs, the frequen¬ 
cy isn't critical; ± 10 per cent accuracy is sufficient. 

I found that a grid-dip meter can be used to make 
this measurement. Make certain that the balun/ 
transformer is open circuited at the output, as 
described above. The coil diameter should be 15-20 
times the coax line diameter. Remember that these 
baluns and transformers make use of a broadly reso¬ 
nant circuit consisting of the distributed inductance 
and capacitance of the coax line outside surfaces. 
Accordingly, if the device is mounted on a metal 
plate or in a metal enclosure, the resonant frequency 
should be determined while in place. I tried extending 
the low-frequency limit of one of these transformers 
by adding lumped capacitance to the coiled coax at 
the output. (For example, between A and B in fig. 
12.) This artificial loading does, in fact, lower the fre¬ 
quency of minimum VSWR; however, bandwidth is 
severly reduced. 


design procedure summary 

In summary, a systematic design procedure for 
coreless transformers and baluns is as follows: 


1. Select input and output coaxial line connections 
(see examples in figs. 8 and 9). 

2. Assign polarities. 


bandwidth 

MHz 

1.8- 30 
3.5-30 

1.8- 14 
3.5-30 
1.8-14 
1.8-14 
21-100 
3.5-30 
3.5-30 
7.0-30 
3.5-30 


construction 

fig. 6, part 1 
fig. 6, part 1 
fig. 1, part 2 
fig. 1, part 2 
fig. 1, part 2 
fig. 2, part 2 
fig. 3, part 2 
fig. 4, part 2 
fig. 5, part 2 
fig. 7, part 2 


measured data 

table 1, parti 
table 2A, part 1 
table 2B, part 1 
table 1, part 2 
table 2A, part 2 
table 2B, part 2 
table 3, part 2 
table 4, part 2 
table 5, part 2 
table 6, part 2 
table 12, part 2 


3. Make certain the polarities of the input and output 
connections match (column 3, tables 14 and 15). 

4. Check input and output balance by inspection 
(columns 4 and 5). 

5. Check input and output impedance by inspection 
(column 6 and 7). 

6. Determine transformation ratio (column 8). 

7. Draw a schematic diagram similar to that in figs. 
10 and 11 for analysis. 

8. Assign an input voltage, such as 100 volts. 

9. Determine the polarity and magnitude of voltage 
across the length of the lines. 

10. Determine the direction of current flow over the 
outer conductors of the lines. 

11. Determine which lines must be coiled, if they can 
be coiled together, and the sense of the mutual 
coupling. 

12. Select the length of line, coil diameter, and 
number of turns using a grid-dip meter to resonate 
the coil near the average between the upper and 
lower frequencies of the band of interest. 

13. Make certain that the rf paths through all coax 
lines are equal, to preserve phase. 


table 14. This table is a partial list of the coax connections shown in fig. 8. 

column 


1 2 3 

connection connection polarity 

(in) (out) (match) 

A B no 


A D yes 

B C yes 

B D no 


balance 

(in) 

balanced 

unbalanced 


balance 

(out) 

balanced 

unbalanced 


It is used as an aid in analyzing the connections. 


6 

Impedance 

(ohms) 


impedance 

(ohms) 


8 

transformation 

ratio 

(in/out) 


25 100 1:4 

25 100 1:4 
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table IS. This table shows some of the connections for four coax lines shown in fig. 9. The impedances listed in columns 6 and 7 
assume the use of 50-ohm lines. 


1 2 3 

connection connection polarity 

(in) (out) (match) 


balance 

(in) 


(out) 


6 

impedance 

(in) 

(ohms) 


impedance 

(out) 

(ohms) 


8 

transformation 

(ratio) 

(in/out) 


B 

A 

F 

E 

B 


C 

D 

B 

C 

C 


yes balanced 
yes unbalanced 
yes balanced 


balanced 50 

unbalanced 200 

balanced 200 


advantages of coreless 
balun transformers 

The advantages of this new class of broadband 
coaxial line transformers over magnetic-core trans¬ 
formers are as follows: 

1. They are inexpensive. 

2. They are linear; there are no materials in the sys¬ 
tem that can saturate. 

3. They use readily available materials: only coax 
and hookup wire. 

4. They are lightweight and compact. 



fig. 12. Impedance from point A to point B of open-circuited 
balun. Impedance at AB is greater than SO ohms, the line 
surge impedance over the useful frequency range of the 


5. They are weatherproof because of the materials; 
an enclosure is not required. 

6. They have low VSWR. 

7. They are inherently balanced. 

8. They have high power-handling capability limited 
only by the coaxial line chosen. When made with 
Teflon coax, they are virtually indestructible in 
Amateur service. 

9. There are no closely spaced or tightly twisted 
enameled wires and no ferrite or powdered iron core 
materials that can result in arcing. 

conclusion 

The purpose of this article is to show how high- 
performance balun transformers can be built free of 
the disadvantages of magnetic core materials. I hope 
I've presented enough data on this new class of 
devices for you to be able to reproduce one or more 
of the designs described here, or to design one of 
your own to meet your requirements. My goal has 
been to provide enough information for others to be 
able to reproduce these useful balun transformers, 
even though they may not have access to fine in¬ 
struments such as the Hewlett Packard vector im¬ 
pedance bridge, rf voltmeter, or programmable cal¬ 
culator. 
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considerations 
regarding 
microphones and 


simple speech processing 


A look at 
simple homemade 
microphones 
and speech processors 

This article describes a microphone stand that can 
be built easily and that's much more convenient to 
use than the typical commercial unit. Also described 
are simple preamplifier and clipper circuits that can 
be added to a phone station between microphone 
and transmitter. 

improved desk microphone 

In spite of all the equipment manufactured for sale 
to Amateurs, many desirable items still can't be 
readily purchased. Many times these items are simple 
to build, and many times the item needed is a simpli¬ 
fied version of what's commercially available. In any 
case, it's seldom that the scratch-built item isn't a big 
cost saver. 

In the case that prompted this article, the audio 
gain in my low-band rig was marginal. Close talking 
in a moderate voice into a standard crystal micro¬ 
phone was required for full SSB output. This condi¬ 
tion may not be unusual based on my own experi¬ 
ence and that of others I've talked to. Additionally, 
standard microphone stands have always left a lot to 
be desired, to my way of thinking. First, they're 

•Metal is recommended for audio and radio-frequency shielding. 


seldom adjustable in height; second, they must be 
placed off to the side if you want to take notes or fill 
in your log while talking. One of my friends claims 
the best he can do is get his nose up to the bottom of 
the microphone; in my case, I have to bend over to 
speak into a microphone mounted on a typical com¬ 
mercial stand. The solution to this problem is a 
boom-type microphone stand. 

The mechanical end of this kind of project is wide 
open with respect to cost and complexity. If you 
have the shop equipment, the boom stand can be a 
major project for tools such as a lathe and drill 
press. It's largely a matter of the materials and tools 
you have and your personal taste.* 

My original stand was made from junk-box parts 
and some pieces of birch dowel. 1 It looks a bit 
"Tinker-Toyish," but it serves the purpose very well. 
The second design, which is shown in the diagram, 
requires no unusual tools and works better than the 
original. 

building the 
microphone stand 

The base is made from two or more layers of 6.5- 
mm (%-inch) tempered Masonite (fig. 1). The base 
should beat least 153 mm (6 inches) in diameter and 
may be weighted if a heavy microphone is used. The 
upright section is a "plumber's delight" made from 
readily available plumbing fittings. The boom is a 
piece of Greenfield flexible tubing, which is available 
at electrical supply houses. This type of tubing is 
smooth and flexible. To stiffen it, use a piece of 
aluminum clothes line wire inside of it. 


By George A. Wilson, Jr. WIOLP, 318 Fisher 
Street, Walpole, Massachusetts 02081 
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gain control so that the preamplifier can be turned on and off without changing the gain setting. Input-output connectors can be 
varied to suit the needs of any transmitter/microphone combination. Bottom left, the first boom microphone built by the author. 
This type of construction led to a very useful microphone but requires more tools to build than the design in the text. The boom 
arms and upright section are constructed from birch dowels. This approach doesn't provide the audio and radio-frequency 
shielding that all-metal construction does. However, it's cost effective, since the parts were all from the junkbox. Bottom right, 
the microphone design described in the text. It is made of readily available materials easily assembled in the home workshop. If 
you lack the tools to make a round base, use a square or six-sided base, which will work just as well. This design provides all- 
metal shielding of the microphone element and that part of the cable inside the stand. The Greenfield flexible tubing is stiffened 
with an internal piece of aluminum clothesline wire. This approach provides the ultimate in adjustability and convenience. 

pilot light circuit niques were rejected before a friend suggested con- 

The LED pilot light in the two-stage circuit is of necting the pilot light in series with the amplifier, 

special interest. If the circuit is left on when not using Neat! A pilot light that actually causes a slight de- 

the rig, the battery will last only a few days, depend- crease in the current drainl It's not too bright, but it's 

ing on how new it is. Having learned the hard way, I adequate for the purpose. (If used with the single- 

realized that a pilot light with minimum power re- stage preamplifier circuit, it may be necessary to add 

quirement was needed. Several power-saving tech- a resistor* to ground after the LED. This will cause 
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more current to follow through the LED — at least 2 
mA is required for most LEDs.) 

Another solution to the power problem is an exter¬ 
nal source powered from the ac line. If the preampli¬ 
fier is. to be built into the rig there's little problem, 
even if it is a tube rig. In the latter case, a voltage 
source, such as the well by-passed cathode bias on 
an amplifier stage, can be used. The circuit will oper¬ 
ate over a range of at least 7-15 volts. External sup¬ 
plies intended for calculators and similar devices can 
be used, or a miniature regulated supply can be built 
into the amplifier. 



fig. 1. Mechanical layout of the desk microphone described 
in the text. The construction shown is for guidance only. 
Most builders will substitute materials on hand and their 
own techniques of fastening things together. A push-to-talk 
switch can be mounted on the base if desired. 

adapting the 
Electret cartridge 

If an Electret microphone is used, it can be easily 
adapted to the boom using a short piece of 22-mm 
(7/8-inch) birch dowel. Drill the dowel to fit the tub¬ 
ing outside diameter (16 mm, or 5/8 inch) but do not 

•Try resistors in the 2-5 kilohm (Vi-watt) range. The lower the resistance, 
the brighter the led wilJ be. 


go quite all the way through. Turn the dowel around 
and drill through from the other end with a 12.5-mm 
(%-inch) diameter drill. Slip in a piece of screening 
from the 16-mm (5/8-inch) end. Sand the dowel, 
round the edges to suit yourself, and slip the dowel 
over the end of the Greenfield tubing. Use a piece of 
77 x 128 mm (3x5 inch) card stock to "snug" the 
fit if necessary. 

Slip the microphone into the end of the Greenfield 
tubing and make it snug with a layer or two of cloth, 
sponge rubber, or plastic foam. Make the connec¬ 
tions before putting the microphone element into 
place. Don't neglect a ground connection to tubing 
at the microphone end! 

I've received many on-the-air compliments on the 
Electret microphone, which compensate for its low 
output and the power requirement for its internal 
amplifier. 

Other microphone elements can be adapted in a 
similar manner or with a little ingenuity. For example, 
the top of a plastic bottle can be cut off and used to 
house a larger microphone element. If your work¬ 
manship isn't the greatest, a "blast shield" can be 
purchased (Olson Radio has them). A shield of this 
type will cover the whole microphone housing and 
make things look quite professional. 

plumbing details 

The Greenfield tubing and pipe fittings can be 
soldered together using a propane torch, standard 
plumbing flux, and solder. Details of the plumbing 
lash-up are left to you, since the availability of junk- 
box material may determine your approach. The 
stand in the photos has a 128-mm (5-inch) length of 
25.5-mm (1-inch) copper pipe with a reducing fitting 
to hold the Greenfield tubing. A 25.5-mm (1-inch) 
copper pipe threaded adapter was used to mount the 
pipe flange at the bottom. 

All told, including a Radio Shack Electret micro¬ 
phone element, the microphone cost less than 
$10.00. Most of the cost was in the plumbing fittings. 
Not a bad price for an extra convenient microphone! 

Unlike mikes, most commercially available speech 
processing equipment is complex and expensive. 
Many hams need speech processing for two reasons: 
a) lack of audio gain in the transmitter, and b) a need 
to limit the audio level to prevent overmodulation and 
consequent wide bandwidths. In the first case, we're 
short-changing ourselves by not using the transmit¬ 
ter's full capability. In the second case, we're causing 
inconvenience to others by splattering outside our 
allowed bandwidth. In fact, we're operating illegally 
in this case. Both of these problems can be resolved 
by building an outboard solid-state speech processor 
— or buying one. 
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simple microphone amplifier 

If lack of gain and/or power for an Electret 
microphone is your problem, the single-stage bipolar 
transistor amplifier shown in fig. 2 can be used. The 
circuit includes a regulated voltage source for an 
Electret microphone. The zener regulator output is 
for the microphone's internal amplifier. It reduces the 
9-volt battery voltage to about 4 volts, a nominal sup¬ 
ply voltage that will satisfy most microphones. Check 
your microphone and use an appropriate zener if the 
supply voltage should be higher or lower. 



Typical Electret microphone circuit. Output impedances 
vary but are typically in the order of 1 kilohm. Disc ceramic 
capacitors tend to short out rf that may be picked up. This 
type of microphone is inexpensive and provides excellent 
speech quality. The fet amplifier is built in. 


After pricing zeners for the 4-6 volt range, I bought 
a blister pack full for less than $2.00 and found four 
usable diodes among them. A test circuit can be 
made by connecting the diode in series with the 2.2- 
kilohm resistor specified in fig. 2, a voltmeter, and 
the 9-volt battery. Check the diode in both direc¬ 
tions. It will read about 0.6 volt in one direction and 
the zener voltage (if less than 9 volts) in the other 
direction. Mark the diode polarity on the diode if it 
was not marked as received. 

The transistor amplifier circuit shown is very 



phones. A regulated supply for an Electret microphone is in¬ 
cluded. All resistors 'A watt. Transistor is 2N292S or 
equivalent. Capacitors are disc ceramic except where 
polarity is marked; these are electrolytics. This circuit is not 
recommended for microphones with impedances higher 
than 50,000 ohms. The output is intended to match transmit¬ 
ters with high-impedance microphone inputs. 

tolerant of the transistor used. Most any medium- or 
high-gain {hf t = 100-300) NPN transistor should do 
the trick. The 2N2925 is typical of this type and is 
usually in plentiful supply. 

The circuit can be built on a small piece of perf- 
board. The 9-volt battery and circuit were wrapped in 
plastic foam to keep them from rattling about and 
were tucked into the minibox without rigid mount¬ 
ing. The capacitors across the microphone, and at all 
leads entering or leaving the minibox enclosure, were 
intended to minimize rf entering the circuit and caus¬ 
ing problems. 

two-stage speech processor • 

If you're looking for some gain and would like full 
audio drive without splattering, the circuit of fig. 3 is 
your answer. This circuit includes two stages of gain, 
a diode clipper circuit, and an RC filter that reduces 



cept where polarity is marked; these are electrolytics. Diodes are 1N4149/1N914. Input-output im¬ 
pedances are similar to those of the single-stage amplifier of fig. 2. 
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logarithmic detector 


with a post-injection 
marker generator 


A specialized 
piece of test equipment 
that provides 
accurate frequency markers 
for crystal-filter alignment 

The best way to align a crystal filter is to drive it 
with a swept signal generator that provides horizon¬ 
tal input to a scope, then detect the filter output and 
display it vertically. The detector should be loga¬ 
rithmic; that is, linear in dB. And it's helpful if ac¬ 
curate frequency markers are available on the dis¬ 
play. This article describes such a box, which i sup¬ 
pose is properly called a "logarithmic detector with 
post-injection marker generator." That title seems a 
little long, so I call it the target for my sweeper. 

This is a specialized piece of test gear, so many 
hams wouldn't consider building it; how many times 
does one align a crystal filter? The fact is, though, 
there isn't much in this thing in the way of parts, and 
it's easy to get running. I'd call it a "longweekender" 
project, and it sure is fun to play with. 

detector speed 
and dynamic range 

In any logarithmic detector there's a tradeoff be¬ 
tween speed and dynamic range. Take a peek ahead 


at fig. 5, which shows our box giving a nice account 
of itself between -60 and -10 dBM. That data 
alone doesn't guarantee the performance we need 
because the data in fig. 5 is static; it doesn’t show 
how long the detector takes to settle down when the 
input level is changed. To see why this is important, 
consider a typical test situation. We're running our 
sweeper at 30 Hz (to get a flicker-free display! and 
our filter is working great. On the display there's a 
single hill or blip having a width of, say, one-fifth of 
the screen (our sweep width is five filter band- 
widths). 

The scope vertical signal has a bapdwidth of at 
least 150 Hz, probably more if our filter response has 
steep sides; figure it out yourself. This means that, if 
the displayed response is to have any meaningful re¬ 
lationship to the filter response, the detector must be 
fast, very fast as logarithmic detectors go. To get this 
speed we have to give up range; the 50-dB range of 
fig. 5 is poor in comparison with the 100-dB range 
available in instruments that can take their time 
about producing a reading. 

performance test 

Perhaps the best way to specify the performance 
of the target is to describe the simple test I apply 
whenever I use it. Required are a signal generator 
capable of being 50 per cent modulated at 400 Hz, a 
calibrated step attenuator, and a dc-coupled scope. 
(You don't have a dc-coupled scope? Neither do I, 
but I do have an electronic switch that chops up an 


By Dick Moroney, W1ERW, 50 Jagger Hill 
Road, Sanford, Maine 04073 
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preamplifier, and power divider. The two outputs deliver 
'•about 100 mV rms. Output circuit is designed to prevent in¬ 
teraction. The output resistors aren't critical; 330-ohm units 
could be used. 


input to give the same effect; alternatively, you can 
connect a dc voltmeter along with the scope, al¬ 
though this is not as dramatic.) 

Now, the peak-to-trough ratio of the envelope of a 
50 per cent amplitude-modulated signal is exactly 
three; that is, the instantaneous power changes 10 
dB over a modulation cycle. Hook up the stuff (using 
the scope internal sweep) and see what you see. The 
log of a sine wave isn’t that much different from a 
sine wave, so you’ll see a "sort of" sine wave of 400 
Hz. Note the peak-to-peak size of the display and the 
average height. 

Now crank in 10-dB attenuation. The shape of the 
display should be unchanged, because the instan¬ 
taneous power is still varying 10 dB. The height of 
the display should have dropped exactly 10 dB; 
namely, the peak-to-peak size! Run this test over a 
range of input levels and frequencies. 


I find the box works very well from 1-10 MHz and 
from -10 dBm input to - 60 dBm (unmodulated 
value). At the bottom end of input levels, the display 
shrinks vertically, indicating loss of linearity, whereas 
at the highest levels, it first balloons then collapses 
because of saturation. The bandwidth is well above 
400 Hz, because, if it weren't, the displayed waves 
would "lean" from vertical symmetry. I wish more of 
my test junk had such a simple "alive-and-well" test. 

circuit description 

Fig. 1 shows the front end. It's important, of 
course, that the target present a constant load to the 
filter. The feedback amplifier is designed for 50-ohm 
input, and a 6-dB pad makes extra sure. 

Levels for operation are arbitrary. I chose -10 
dBm as the maximum input because that's about 
what any old signal generator will produce. The am¬ 
plifier was chosen so that, at this input level, the two 
outputs are about 100 mV rms, which is the maxi¬ 
mum input level for the following devices. 

The 300-ohm resistors keep the two outputs from 
interacting. All values in all diagrams are the ones I 
used, mostly because of the Mt. Everest principle 
(they were there). Obviously, 330 ohms would do as 
well, and the same goes for many other places where 
I used values available in 5 per cent tolerance. 

Log detector. Fig. 2 shows the logarithmic detec¬ 
tor, which uses the age output from an LM373. The 
LM373 is connected in the a-m mode precisely as 
recommended by the manufacturer, with the excep¬ 
tion of the 1-/iF capacitor at pin 1. Normally, a much 
higher value is used to prevent the age from follow¬ 
ing audio; we want the age to follow audio. 

I experimented to find the smallest usable value for 
this cap; with lower values the age loop is fast 



fig. 2. Log detector circuit. The 1 -jiF capacitor at pin 1 of the LM373 determines respond 
speed. Useful bandwidth is about 1 kHz. 
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fig. 3. Post-injection marker generator. An LM373 is used in the product-detector mode with BFO input 
from an external source or crystal oscillator. 


enough to lock onto noise and oscillate. This item 
determines the speed of the whole works. Adding 4 
fiF in parallel here gives a perceptible effect at 400 
Hz, so I expect the useful bandwidth is about 1 kHz. 

The tuned circuit at pin 9 could have been elimi¬ 
nated. I set up a bandswitch with circuits at 1.25-, 
4.8-, and 10.6 MHz (where I had filters in the works), 
but I found little difference when I switched to an un¬ 
connected position left in reverse. A loss of about 6 
dB occurred at the low end, and that's it. Of course, 
there's a huge difference if I switch to the wrong 
filter. 

At about 100 mV rms input, the age system loses 
control and the output soars; this is easily spotted 
and reminds you to cut down the input level. 

Op amp U1A is an isolator. 1 took care to match its 
two resistors (by using a couple of 1 per cent re¬ 
sistors of the same value) to keep its output very 
close to the input for reasons discussed later. 

Op amp U1B permits adjustment of the output 
range (my voltmeter has a 3-volt scale, so I selected 
the range shown on the right of fig. 5), and also ac¬ 
cepts a "birdie" input from the marker generator. 
Each op amp has a 10-pF feedback cap to roll off un¬ 
wanted high frequencies. The units of figs, t and 2 
are complete in themselves; the marker (discussed 
next) is optional. 

marker generator 

Fig. 3 shows the marker generator. A second 
LM373 operates in the product-detector mode with 
BFO input froman onboard crystal oscillator. The age 
line of this LM373 is driven by the output of U1A (fig. 
2) at precisely the level being used on the other 


LM373. This keeps the marker size independent of 
where it falls on the filter response curve — just a 
frill, but the line was available, so why not? 

U1C provides a heavy lowpass filter to keep the 
marker narrow. I selected the 0.0039-//F cap by trial 
to give a width of about 300 Hz, my personal prefer¬ 
ence. U1D allows adjustment of the marker height by 
the 200-kilohm pot. Mine is adjusted for 1 volt p-p, or 
about 20 dB, which is another item of choice. 

I never use markers and filter at the same time; I 
prefer to precalibrate the horizontal scale, then get 
the markers out of the way. It used to be that, with a 
rig like this, one would want several crystal markers 
available. But nowadays, with counters easy to 
come by, it seems simpler to connect an external 
generator and move it around while reading its posi¬ 
tion from a counter. 

I did opt for one internal marker, which is handy 
for making sure I'm connecting the correct tuned cir¬ 
cuit (SI does both). Switch S2 selects internal, ex- 



The 1N914 generates "grid-leak" bias. 
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fig. 5. Log detector response showing linearity 
over its 50-dB range. The absolute level is tem¬ 
perature dependent; relative levels are not (see 
text). 


lernal, or no marker; and, in the internal case, it 
powers the crystal oscillator, fig. 4. This is just the 
good old W2YM circuit using a diode to generate 
"grid-leak" bias. 

BFO injecton-level is far from critical. The levels 
shown are what I use, but 10 dB up or 20 dB down 
from there should be fine. One nice thing about the 
LM373 is the low level required; this allows a good, 
solid termination for the external generator without 
requiring excessive drive. As I mentioned, the marker 
output goes to U1B for combining with the loga¬ 
rithmic level. 

detector response 

Fig. 5 shows the linearity of this gadget over its 
limited range. The absolute level in fig. 5 is 
temperature dependent; that is, the curve might go 
up or down a few tenths of a volt between a cold 
start and temperature stabilization. The relative levels 
are not temperature dependent; 10 dB is 0.5 volt hot 
or cold. All this means is that, if you want to use the 
target as a "dBm meter," say to measure the output 
of an oscillator, you must be sure it's warmed up and 
calibrated. For filter responses you can jump in cold. 

concluding remarks 

Speaking of secondary uses for the target, note 
that you don't have to connect a scope to the out¬ 
put. I plugged in a 2000-ohm headset in series with a 
0.1 -fiF blocking cap and used the thing in the exter¬ 
nal marker mode as a direct-conversion receiver to 
listen for chirp on the main rig. Worked fine! 

I had a small circuit board for the crystal oscillator, 
having made up a batch of them long ago. I mounted 
the rest of this thing on a 6 x 6 inch (153 x 153 mm) 
single-side board, which had room for a second 
LM3900. Each 1C was bypassed at B + as at pin 3 of 
the LM373s. 

ham radio 
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PART NEEDED TO MAKE V0UR 

_____H FREQUENCY RANGE OF ZERO 

TO 600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY AND ONE FOR HIGH 
FREQUENCY: AUTOMATIC ZERO SUPPRESSION. TIME BASE IS 10 SEC OR 1 SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY * 001%. UTILIZES 10-MHz 


COMPLETE KIT $109 
HAL-50A B-0IGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO SO MHz OR BETTER. 
AUTOMATIC DECIMAL POINT, ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN¬ 
PUTS ONE FOR LOW FREQUENCY INPUT. AND ONE ON PANEL FOR USE WITH ANY INTER¬ 
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE. 1.0 SEC AND 1 SEC TIME GATES. ACCURACY ± 001%. UTILIZES 10-MHz 


HAL 300 A/PRE... 


.. (Pra-drilled 6*10 board an 
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TOUCH TONE DECODER KIT 

HIGHLY STABLE DECOOERKII C0Mfc$WlfH2SI0E0.PLAlED THRU AND SOLDER FLOWED 
G-10 PC BOARD. 7-567's, 2-7402. AN0 ALL ELECTRONIC COMPONENTS BOARD MEAS¬ 
URES 3-1 n x 5-172 INCHES HAS 12 LINES OUT ONLY $39.95 
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PRICED AT $29.95 
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ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF 
WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRET! 


OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED F0 


PRE-AMPLIFIER 


19 WIDE BAND PRE-AMPLIFIER. 2 200 M 


POINTS). 19 dB GAIN 


FULLY ASSEMBLED AND TESTED $6.95 


1M OPERATION 

6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS. I CLOCK CHIP. 6 
FND 359 READOUTS, 13 TRANSISTORS. 3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH¬ 
BUTTON SWITCHES. POWER TRANSFORMER AND INSTRUCTIONS DON’T BE FOOLED BY 
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA PRICED AT $12.95 
CLOCK CASE AVAILABLE AN0 WILL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR 
PRICE $6.50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK. 

SIX-DIGIT ALARM CLOCK KIT FOR HOME. CAMPER. RV. OR FIELD-DAY USE OPER¬ 
ATES ON 12-V0LT AC OR 0C. AND HAS ITS OWN 60-Hz TIME BASE ON THE B0AR0. COM¬ 
PLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE. PRE-DRILLED PC BOARDS. 
BOARD SIZE 4" x 3" COMPLETE WITH SPEAKER AN0 SWITCHES. IF OPERATED ON 0C. 
THERE IS NOTHING MORE 10 BUY * PRICEO AT $16.95 

•TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM 
110-VOLT AC. $2.50 

SHIPPING INFORMATION — ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON ORDERS LESS 


.. .JE INCLUDE ADDITIONAL $ 

CHARGES SEN0 SASE FOP FREE FLYER 


"'nil' Hal-Tronix 

Ea-'X- P.O.BOX 1101 


SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 
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log-periodic fixed-wire beams 

for 75-meter DX 


Extensive tests with 
overseas Amateurs 
have resulted in an 
LP antenna with 
excellent characteristics 
and performance 


This article describes log-periodic antennas made 
of wire elements, fixed in position, for the 75-meter 
Amateur band. It includes test results based on con¬ 
tacts between W4AE0 in South Carolina and an 
Amateur in New Zealand, ZL1BKD. During the test 
period (late 1975 through early 1976), performance of 
the 75-meter LP, in various configurations, was com¬ 
pared with that of other antennas including dipoles, 
delta loops, slopers, and verticals. 

background 

I first became interested in 75-meter DX while talk¬ 
ing to Colin, ZL1BKD. Colin had read some of my 
articles on LP beams 1 -5 and asked if I'd tested one 
on 75 meters. Most of the referenced articles 


The 75-meter UP beam antenna described here requires a consider¬ 
able amount of real estate as well as many high supports. The mini¬ 
mum area required for the 75-meter antenna suggested by W6PYK 
(3-element LP plus director) is about 0.3 acre (1500 square meters, 

another 988 square meters (10,620 square feetl. Thus the antenna 


describe the construction of LPs for 10, 15, and 20 
meters, giving test results. In one or two of the arti¬ 
cles I'd furnished dimensions for a 5-element mono¬ 
band LP for 75 meters of the log-periodic dipole 
(LPD) type, but it was never tested. (The dimensions 
for the 75-meter LPD were merely scaled up from one 
that worked well on 40 meters.) 

As a result of my on-the-air talks with ZL1BKD and 
an exchange of correspondence, we agreed to con¬ 
duct a test program involving a 75-meter LP and sev¬ 
eral popular Amateur antennas. 

reference antenna 

The antenna used as a reference in the tests was a 
log periodic consisting of five elements about 18 
meters (60 feet) high. This antenna was modified 
several times during the tests. It was used as an LP 
Yagi, then as a 5-element Yagi. Test data in the form 
of operating-log sheets are provided to show on-the- 
air results (table 1). 

environmental test conditions 

I'm fortunate to have enough space to erect sever¬ 
al 75-meter antennas at the same time. Pine trees 
abound for supports, with heights of up to 21 meters 
(70 feet). But my location in South Carolina' is subject 
to severe thunderstorms. Lightning took its toll in the 
summer of 1976: two test antennas were destroyed. 

I have also found that vertical antennas don't per¬ 
form well at this location. I believe this is because of 
poor ground conductivity in my area, 14 limited clear¬ 
ance between verticals and trees, 15 and an extremely 
high noise level. 

overseas tests 

Between July, 1975, and March, 1976, ZL1BKD 
and I compared over a dozen different antennas with 

By George E. Smith, W4AEO, in collaboration 
with Paul A. Scholz, W6PYK. Mr. Smith's 
address is 1816 Brevard Place, Camden, South 
Carolina 29020. Mr. Scholz's address is 12731 
Jimeno Avenue, Grenada Hills, California 91344 
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the 75-meter LP, which was aimed west from my 
location. Comparision antennas included: 

1. Three 75-meter halfwave dipoles at 15, 18, and 
23 meters (50, 60, and 75 feet) above ground 

2. Three 75-meter delta loops 

3. Several 75-meter slopers and phased slopers 
using various beam configurations 

4. Two quarter-wave 75-meter verticals with vari¬ 
ous numbers of buried radials 

5. One ha If-wavelength 75-meter vertical suspend- 
fed from a balloon, voltage fed at the bottom with an 
antenna tuner 

6. Two 75-meter half waves in phase (collinear 
horizontal dipoles) at 23 meters (75 feet) high, orient¬ 
ed broadside to New Zealand 

7. One 2-wavelength 75-meter horizontal quad ele¬ 
ment up 23 meters (75 feet). One lobe was toward 
New Zealand 

8. A two-element, 75-meter bobtail curtain (two 
phased quarter-wavelength vertical radiators with 
one-half wavelength spacing). An inverted ground- 
plane was used. Antenna height was about 21 
meters (70 feet). The pattern was bidirectional, 
broadside to New Zealand 

9. One 75-meter long-wire antenna (229 meters, or 
750 feet long) mounted on tree tops at about 18 
meters (60 feet) high. The main lobe was oriented 
west. 

10. A Shakespeare (commercial marine) vertical 
antenna, center loaded, 7 meters (24 feet) long cov¬ 
ering the 4-MHz marine band. The antenna was 
tuned to 3808 kHz and mounted at 12 meters (40 
feet). Four one-quarter-wavelength sloping radials 
were used. 

a note on delta loops 

Delta loops for 75 meters were popular during the 
time of these tests and were used by several 75- 
meter DXers. Of the three delta loops used in the 
tests, two were arranged with the horizontal section 
at the top and with the apex pointed toward ground 
(delta loops 2 and 3, table 1). The third delta loop 
(delta loop 1, table 1) was in the opposite configura¬ 
tion: apex up and horizontal section about 3 meters 
(10 feet) above ground. 

Two deltas were first fed at bottom or center (hori¬ 
zontal polarization), then changed to corner feed 
(vertical polarization). The latter configuration was 
best for the U. S. — VK/ZL path. 



fig. 1. Data showing day-to-day differences be¬ 
tween the LP and the quarter-wave vertical 
used at W4AEO during the test period (August, 
1975, through November. 1976.) These data were 
compiled by W6PYK from reports by ZL1BKD. 


Anyone considering a quad or delta loop for 75 or 
40 meters is urged to read reference 16, in which the 
author describes his tests of deltas and quads and 
shows lobes, radiation angles, and other data. (A 
reprint of this article appears in reference 17.) 
Another source appears in the April, 1976, issue of 
ham radio . 18 

test results 

Overseas tests began in July, 1975. A condensed 
reproduction of my log (table 1) shows representa¬ 
tive data taken while running tests with ZL1BKD. 
The vertical, delta loops, and quad were first com¬ 
pared directly with the 5-element LP at about 18 
meters (60 feet) above ground, aimed west. Note 
from table 1 that the quad, erected in October, 1975, 
and delta loop 3, erected in November, 1975, were 
mounted over a pond. 

The LP, LP-Yagi, and Yagi under test were the 
only true unidirectional antennas used'during the test 
period. Also note that the LP had been modified sev¬ 
eral times — it was used as an LP-Yagi for a time, 
then later modified as a 5-element Yagi. 

test note 

My first 75-meter LP was completed on August 1, 
1975. I made contact with New Zealand stations the 
following morning. Reports indicated that the LP 
was at least 10 dB better than the dipole or quarter- 
wave vertical antenna. 

Colin, ZL1BKD, later added an external dB meter 
to his receiver, which gave more accurate readings. 
This method was used during the tests between 
August 21, 1975, and March, 1976, when the tests 
were completed. Contacts were made several times 
per week during this period. 

Tests were run on 75 meters near 3808 kHz for 
U.S. and ZL stations, with 350 watts PEP. (VK sta¬ 
tions operate split frequency and are received 
between 3690-3700 kHz.) 

During some days there was little if any propaga- 
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tiori, so no tests were run because of low signal 
strength. Little fading was noticed during the test 
periods. If there was any, it was quite slow in con¬ 
trast to that on the higher-frequency bands. Signal 
buildup occurred just before sunrise, usually 5-10 dB. 
Then a gradual signal-strength decay occurred for 
about 30 minutes to an hour until the DX signals 
faded into the noise. We repeated the antenna tests 
at different times during the 1000-1200 GMT opening. 
The unidirectional beams. From reports furnished 
by ZL1BKD during the 75-meter tests (table 1), the 
LP and LP-Yagi beams showed a 10-15 dB increase 
over the other antennas tested. This doesn't mean 
that the 75-meter beams had a 10-15-dB gain. Theo¬ 
retically, a truncated LP of the type tested, using 
only three to five elements and a boom length of only 
0.35 wavelength, would probably have no more gain 
than 5 dB over a dipole at the same height. Increas¬ 
ing elements to 9 or 10, and increasing boom length 
to about 1.3 wavelength, would probably result in a 
gain of about 10 dB. But the boom length would be 
about 103 meters (337 feet), which is impractical for 
most Amateurs. 

I believe that the reported differences, 10-15 dB in 
favor of the unidirectional LP beams, were caused by 


the inefficiency of the other antennas tested — 
possibly by power wasted in lobes in undesired 
directions. 

Comparative reports on reception at W4AEO were 
about the same. However, a high noise level plus 
heavy interference at times made direct comparison 
difficult on some days. (World noise charts show 
that ZLs and VKs generally experience much less 
noise than I do in my area.) 

During high noise conditions I used several Bever¬ 
age receiving antennas, which helped to improve 
reception. I am now erecting several Beverage anten¬ 
nas for 160, 75, and 40 meters. They are of the two- 
wire type with direction-reversing capability. 

More on the delta loops. Table 1 shows that the 
quarter-wave vertical and delta loop 1 (apex up; hori¬ 
zontal portion near ground) were used for most test 
comparisons during which data were taken. Delta 
loop 2 (horizontal section up; apex toward ground) 
was tested only a few times, as it made a poorer 
showing than delta loop 1. Delta loop 2 was support¬ 
ed at about 23 meters (75 feet) over a pond. I used a 
183-meter (600-foot) length of RG-8/U cable to feed 
this antenna. Here are some additional interesting 
observations. 


table 1. Condensed log of W4AEO showing representative data on antenna tests with ZL1BKD dur¬ 
ing the latter half of 1975 and early 1976. Delta loop 1: apex up; delta loop 2: apex down; delta loop 
3: apex down. Readings taken by ZL1BKD. 


date time LPorLP wavelength delta delta wavelength delta 

(1975) (GMT) remarks Yagi vertical loopl loop2H> quad® loop® 


July 
2 Aug 
2 Aug 
later 
21 Aug* 
25 Aug 
6 Sept 

1 Oct 

2 Oct 
8 Oct 

8 Oct 
11 Oct 

9 Nov 
19 Nov 
31 Dec 

(1976) 
6 Jan 
24 Jan 


First contacts with ZL1BKD using half-wavelength dipole at 15 meters (50 feetl high 
ZL1BKD reports LP = 10 dB better than dipole or vertical 


ZL1 BKD and ZL2BT report LP now = 15 dB better than dipole or vertical 
dipole S8 + 10-15dB S8 S9-S9 + 10dB 

+ 10-15 dB S8 S9-S9 + 10dB 

+ 12dB S8 S9 + 5dB 


poor 

conditions S7 (ref) 
S9 (ref) 


1030 + 18dB 

1200 + 26dB 

1115 ail sigs. down 

10 dB today 5dB 

reworked LP 30 dB 
1038 24 dB 


- 12dB -8dB 

- 4dB -2dB 

+ 4dB 

- 8dB -6dB 

- 7 dB -7dB 
15dB 18dB 

8dB 10 dB 


1115 26 dB 21 dB 



+ 6dB 
- 10dB 


- 8dB 
12dB 
4 dB 
6-8 dB 


21 dB 


1125 6dB 0 0 (ref) 

2120 30 dB S9 


4dB 
20 dB 


s: (II Erected24Sept., 1975 

(2) Erected 8Oct., 1975 n 

(3) Erected29 Nov.. 1975 J 


s erected over a pond 1/10 mile from shack. 


‘ZL1BKD improved method of taking readings, which was used for remainder of tests. 
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1. Delta loop 3 (horizontal part up; apex down) 
was erected over a swimming pool. The transmis¬ 
sion-line length to this antenna was 76 meters (250 
feet) of RG-8/U cable. 

2. Delta loops 1 and 2 were tried using both end- 
feed and center-feed for vertical and horizontal polar¬ 
ization respectively. The latter was best for short dis¬ 
tances; the former was best for DX. Delta loop 3 was 
used with vertical polarization only. (The ZL reports 
shown for the delta loops were for vertical polari¬ 
zation.) 

3. Each delta loop had the same length of wire, 
.which was cut by formula to resonate at 3800 kHz. 

However, I noted that, with vertical polarization, the 
antenna resonant frequency decreased to 3700 kHz. 
The following table shows SWR readings taken for 
the delta loops when fed for vertical polarization: 


standing wave ratio 
fIMHz) DL1 DL2 

3.5 2.8 2.2 

3.6 2.4 2.8 

3.7 2.0 2.3 

3.8 1.2 2.0 

3.9 1.05 1.07 

4.0 1.8 1.1 


DL3 

2.7 

3.0 

2.9 

2.0 

1.05 



fig. 2. The 75 meter LP design suggested by W6PYK, which 
is for 3808 kHz. Taper factor, t, = 0.94, spacing factor, 

a. = 0.17). 


notes on the 
vertical antenna 

The quarter-wave vertical used in most of the tests 
was a 19-meter (61,5-foot) length of wire suspended 
by a nylon line between two high pine trees. The ver¬ 
tical was fed from a 61-meter (200-foot) length of 
RG-8/U coax cable buried in the ground. Ten radials 
were used originally; the number was later increased 
to thirty. 

Another vertical antenna, consisting of a half¬ 
wavelength wire suspended from a balloon, was test¬ 
ed several times for comparison with the quarter- 
wavelength vertical. Little improvement was noted. 

the beam antennas 

The original 75-m LP beam first erected for the 
tests was a 4-element LP with one parasitic director 
in front. This antenna was later modified to an LP- 
Yagi using one parasitic director, three driven (LP) 
elements, and a parasitic reflector. Little difference 
was noted between these two configurations. Later 
the LP-Yagi was converted to a Yagi using only one 
driven element. (This beam was soon destroyed by 
lightning.) 

The last beam used during the test was the Yagi. 
When comparing it with the quarter-wave vertical, 
the difference between the Yagi and the vertical was 
less than that in the previous reports covering the LP 


or LP-Yagi. It's possible that the Yagi gain could 
have been improved by carefully adjusting the ele¬ 
ment lengths and spacing, since a Yagi is critical of 
adjustment. As the Yagi was destroyed by lightning, 
tests were not completed. 

analysis of test results 

The beam antennas gave surprisingly consistent 
day-to-day reports. Average reports were Q5, 
S9 + 10 dB average, with low readings about S9. At 
times readings peaked to S9 + 25 dB. These were 
about the same reports given on the same day to 
other Eastern U.S. stations running the legal power- 
input limit, but using only an inverted V or dipole 
antenna. I therefore feel that the beams did a fair job 
(especially at a height of 18 meters, or 60 feet). The 
average report on the beams was about 10 dB better 
than most of the conventional antennas tested at the 
same time at my location. I used a coaxial switch for 
antenna selection, so the readings taken during the 
tests were made within a second. 

Table 1 shows differences among the same three 
antennas on different days. I believe that this is prob¬ 
ably because of the differences in the vertical radia¬ 
tion patterns. Fig. 1 was compiled by W6PYK from 
the data taken by ZL1BKD to illustrate the day-to-day 
difference of the LP antenna and the quarter-wave 
vertical. The data were taken between August and 
mid November, 1975. Note that the LP, the LP-Yagi, 
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and the Yagi were the only true unidirectional beams 
tested. 

Observations: 

1. The delta loops (fed at corner's vertically polar¬ 
ized) have bidirectional lobes [plus the smaller high- 
angle center lobe (90 degrees), straight up]. Thus 
more than 50 per cent of the radiation is lost in un¬ 
used lobe(s). Ref. 16, Fig. 10; Ref. 17, Fig. 7; or Ref. 
18, Fig. 3. 

2. The two-wavelength horizontal quad has four 
equal-spaced lobes, with only one pointing 
southwest. 

3. The quarter- and half-wavelength verticals are 
omnidirectional and have maximum radiation at low 
angles. This may be a doubtful advantage if the 
antenna is located in a high-absorption environment. 
Interference from manmade noise was very evident. 

a 3-element fixed wire 
beam LP for 75 meters 

The 75-meter Yagi under test was destroyed by 
lightning in June of 1976. I wanted to replace it with 
another LP giving more gain, if possible. So Paul, 
W6PYK, suggested a 3-element, wide-spaced, trun¬ 
cated LP designed with a higher taper factor, t, and 
spacing factor, a. Using only three elements would 
limit the boom length so that it would fit into the 
available space previously used for the 5-element 
antenna. 

W6PYK had observed a number of the ZL1BKD/ 
W4AEO tests. As he is also interested in antenna 


design, we became acquainted on 75 meters. We 
also had a great deal of correspondence, comparing 
notes. W6PYK made a number of excellent sugges¬ 
tions during this period. 

Paul describes his QTH as a typical California resi¬ 
dential lot. He does not have space for a 75-meter 
beam, but was using a unique 40/75 roof-mounted 
vertical of his own design (which is quite effective 
considering its size — see ham radio, September, 
1979, page 44) for working the ZLs and VKs. I agreed 
to construct and test some of his LP designs. He has 
written a number of papers on antennas, his latest 
being "L/P Antenna Design," which appeared in 
ham radio, December, 1979, page 34. 

Paul furnished complete dimensions for the 3-ele¬ 
ment LP: element lengths and spacing (fig. 2) 

table 2. Standing-wave ratio as a function of frequency for the 
beam antennas used in the test. 

standing-wave ratio 

frequency 3-element LP 3-element LP 6-element S-alement 
(MHz) (r0.94, o 0.175)* plus director* LP Yagit 

3.5 1.35 1.35 1.1 2.9 

3.6 1.3 1.2 1.25 2.4 

3.7 1.2 1.1 1.1 2.0 

3.8 1.1 1.1 1.07 1.4 

3.9 1.1 1.05 1.15 1.2 

4.0 1.5 1.6 1.15 2.0 



tNote that the 
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designed to 7 = 0,94 and a = 0.175. This design 
gives an overall array length (boom length) of 28.3 
meters (93.0 feet). Paul advised that this configura¬ 
tion should provide good gain for the space available. 

Note that the element lengths are slightly longer 
than those given by the formulas. Paul suggested 
this to allow for ground effect, since the height of the 
beam above ground would be limited to about 18.3 
meters (60 feet), or less than a quarter wavelength. 
This was evidently correct from the SWR data (table 
2), which was taken after the beam was completed. 
A plan view of the beam, (fig. 3), shows method of 
support — several trees. 

During the tests on this new 75-meter beam, the 
only other antenna available at the time for compari- 
'son, was a dipole sloper. The other 75-meter anten¬ 
nas outlined above had been dismantled to make 
room for several beams needed for 20-meters. Bob 
Tanner, ZL2BT, reported on this new LP, the best 
tested to date. 
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9.0 MHz FILTERS 

XF9-A 2.5 kHz SSBTX *44.85 

XF9-B 2.4 kHz SSB RX/TX *60.85 

XF9-C 3.75 kHz AM *65.40 


VHF and UHF FILTERS 

ELIMINATE IMD "BIRDIES” 432 MHz PSf432 *58.95 

FROM YOUR RECEIVER. 1296 MHz PS11296 *58.95 

CLEAN UP YOUR TRANS- 1691 MHz PSM691 *59.95 

MITTER OUTPUT. Shipping *3.50 
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more conversions 
of surplus 

cavity bandpass filters 

I For convenience, the filters used in the 417/GRC 

receiver and the frequency ranges covered are: 


to a previous article 
in ham radio — 
adapting surplus filters 
for 220 and 440 MHz 

In an earlier issue of ham radio, 1 I described the 
procedure for converting surplus cavity bandpass 
filters for operation in the 2-meter band. These filters 
are dual-resonant cavities, gold plated for high con¬ 
ductivity, and are available at low cost in the surplus 
market.* 

The previous article thoroughly covered the theory 
and application of these cavity bandpass filters; 
therefore, I suggest that you refer to that issue. I'm 
sure that copies are available. 

•Fair Radio Sales Co., Inc., P.O. Box 1105, Lima, Ohio 45802. 


frequency frequency 

filter (MHz) filter (MHz) 

F-238/U 50.0-58.5 F-196/U 184-205 

F-239/U 58.5-67.0 F-197/U 205-226 

F-240/U 67.0-76.0 F-199/U 224 254 

F-241/U 75.0-84.0 F200/U 254-284 

F-242/U 84.0-92.5 F201/U 284-314 

F-192/U 100.0-121.0 F202/U 314-344 

F-193/U 121.0-142.0 F203/U 344-374 

F-194/U 142.0-163.0 F204/U 374-404 

F-195/U 163.0-184.0 F-236/U 550-600 

For conversion to the 220-225 MHz band, I selected 
the F-195/U and the F-196/U filter assemblies; both 
are lower in frequency than the desired band. Like¬ 
wise, I selected a lower-frequency filter for the 
420-450 MHz band: the F-202/U. The advantage of 
selecting the lower-frequency filters for conversion 
was discussed in reference 1. 


By William Tucker, W4FXE, 1965 South 
Ocean Drive, 15 G, Hallandale, Florida 33009 
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conversion procedure 
for 220 MHz 

The F-195/U and F-196/U filters can be converted 
to the 220-MHz band by making the following modifi¬ 
cations: remove the rear hex nuts from the dual¬ 
cavity assembly and carefully slide out the stationary 
portion of the cavity and the cylindrical housing. 

The stationary portion of the cavity consists of the 
fixed center conductor, the fixed capacitance cup, 
and the pickup loops. The fixed capacitance cup pro¬ 
vides fixed capacitance with respect to the cavity 
housing and is also the stator of the variable capaci¬ 
tor provided by the movable plunger capacitor cup 
Tfig.1). 

To increase frequency the size of the fixed capaci¬ 
tance cup must be reduced by trimming as indicated 
by the dotted line in fig. 1, thus reducing the fixed 
capacitance to the cylindrical cavity wall. To increase 
frequency to the 200-230 MHz range, cut off no more 
than 7 mm (9/32 inch) on the F-195/U and no more 
than 5 mm (3/16 inch) on the F-196/U. If a slightly 
higher range is desired, for example 210-240 MHz, 
file off an additional amount until the desired range is 
obtained. A hacksaw or any convenient method can 
be used. Be sure to remove all burrs for a smooth 
finish. 

Modify one section of the cavity assembly at a 
time and check with a grid-dip meter at its terminal. 
About a 12.5-mm (%-inch) loop at the terminal, 
coupled to the grid-dip meter, should provide a sharp 
dip at resonance. When the desired frequency is ob¬ 
tained, duplicate the other half of the assembly. 

The dual-cavity assemblies can be separated elec¬ 
trically into two individual-bandpass, single-section 
cavities by removing the connecting jumper and pro¬ 
viding two additional terminals using a small BNC 
type connector. 

If two individual series-resonant "suck-out" cavity 
traps are desired, simply remove the jumper and its 
pickup loops. You'll then have two single-terminal 
traps. 



220-225 MHz. The fixed capacitance cup must be trimmed as 
shown to increase frequency. 



Reverse A and B and push forward fixed capacitance cup A 
as shown. 

conversion procedure 
for 440 MHz 

The F-202/U filter assembly can be converted to 
the 440-MHz band in the following manner. Slide out 
the stationary portion as previously indicated and 
refer to fig. 2 "before" and "after." To increase fre¬ 
quency to the 400-530 MHz range, the fixed-capaci¬ 
tor size must be reduced and the movable section 
size increased by reversing the A and B capacitance 
cups as shown. Note that the small cup. A, is pushed 
forward 1.5 mm (1/16 inch) by loosening the alien set 
screw in the backstop and pushing it forward. 

The frequency range can now be checked by any 
convenient method such as a transmitter or receiver 
or a signal generator. You can also use your 2-meter 
transceiver in the low-power position by feeding the 
output into either terminal of the dual cavity through 
a germanium diode to obtain a good third harmonic. 
You can then read the output as you tune through 
resonance with a dc microammeter in series with a 
similar diode at the other terminal of the cavity 
assembly. Instructions for obtaining two individual 
bandpass or band reject (suck-out) cavities are the 
same as previously described. 

All the cavities listed for the 417/GRC receiver 
probably can be converted for use on other frequen¬ 
cies as required. The methods described in this and 
the preceding article 1 serve as a guide; all that's re¬ 
quired is a little patience and some simple test equip¬ 
ment. 

reference 

1. William Tucker, W4FXE, "How 10 Modify Surplus Cavity Filters for 
Operation on 144 MHz," tram radio, February, 1980, page 42. 
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LED tuning indicator 


for RTTY 

A novel circuit that 
takes the guesswork 
out of tuning 
RTTY stations 

This project was started after I built a modified 
ST-4 radioteletype (RTTY) demodulator to interface 
between my EICO 753 transceiver and my model 28 
page printer. Since RTTY operation permits only a 
very small tuning error, and my EICO often drifts free¬ 
ly, my oscilloscope was in constant use to monitor 
the cross-loop pattern. This pattern shows any drift 
immediately before the printer starts to garble and 
therefore was essential for keeping the receiver on 
frequency. 

tuning indicator 

It wasn't long before I decided that running my 
scope just for tuning was a waste of power. It uses 
285 watts. Also, the scope's fan is almost as noisy as 
the teletypewriter. What was needed was something 
small with low power consumption to provide the 
tuning indication. This article describes the circuit I 
used to replace the scope for observing the cross¬ 
loop pattern. The display uses two bar graphs, each 
having seventeen LEDs. The right graph (see photos) 
shows, bottom to top, the segment A to B for mark. 
The left graph shows, from bottom to top, the seg¬ 
ment A to C for space. See fig. 1. 


As shown in fig. 1, each loop crosses each seg¬ 
ment once. The points where the segments are 
crossed is directly related to how well the station is 
tuned in. This circuit samples these points and dis¬ 
plays their relative positions on the bar graphs. This 
circuit also requires that the oscilloscope display of 
the demodulator output be loops — not straight 
lines. 

configuration 

The circuit is connected as shown in fig. 2. The 
inputs are connected to the same points in the 
demodulator where an oscilloscope would be con¬ 
nected. U1D, an LM3900N, a unity-gain inverter. 
(One amplifier in one of the LM3900N quad amps is 
not used.) Q4 reduces the +12 volts from the 
demodulator to 6.1 volts to supply the circuit. This 
voltage is a compromise between LED intensity, sys¬ 
tem performance, and a desire to reduce power con¬ 
sumption. In the setup shown (fig. 2), two identical 
circuits are used: one for the mark input and the 
other for the space input. 

sample-and-hold circuit 

Fig. 3 consists of input buffer amplifier U1A, a 
zero-crossing detector, U1B and Q1, and a sample- 
and-hold circuit, 02, 03, and U1C. When the input 
signal goes positive through the zero-voltage point, a 
low-going pulse at Q1 collector turns on 02 for 5 to 
20 microseconds. The voltage on 02 emitter, which 
comes from the second sample-and-hold circuit, 
is stored in C4. Q3 acts as a buffer between C4 
and U1C. 


By Loren Jacobson, WA0ELA, Rural Route 1, 
Box 60, Lennox, South Dakota 57039 
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Top left-. A properly tuned-in mark and space signal with the accompanying bar graph indications. Top right-. A properly tuned-in 
mark signal with the accompanying bar graph indications. Bottom left-. The four intensified points on the oscilloscope display 
indicate where sampling is being accomplished. Both sample pulses were coupled to the Z axis on the oscilloscope to help 
clarify the sampling points in these photos. Bottom right-. A slightly mistuned signal and resulting bar-graph display. 


alel. Parts list for the tuning indicator, 
quantity description 

2 Cl 0.02-pF, 100V disc 

4 C2,C3 0.01-,<F, 25V disc 

2 C4 0.002-pF, 1000V disc 

1 C5 50-pF, 25V electrolyse 

1 C6 0.1-pF, 25V disc 

2 CR1 silicon diode 

34 CR2-CR18 LED 

1 CR19 6.8V zener, 1W 

2 Q1 2N2222 or equivalent 

2 Q2 general-purpose PNP 

2 Q3 MPF102, RS276-2035 or equivalent 

1 Q4 MPS U01 or equivalent 

2 R1 500k pot 

8 R2,R13,R15 

R17.R18 100k 

4 R3.R14 560k 

3 R4,R19 1.8M resistors 


R20 


10k pt 
10k 


64 R21-R35, 

R37-R53 470k 

4 R36.R54 4.7k 

2 U1A-U1D LM3900N quad op amp 

32 U3-U18 LM741CN op amp 

1 integrated circuit perfboard 114 x 152 m 

|4 54 " x 6"! 

RS276-1394 or equivalent 
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fig, 1. Cross-loop pattern. 

fig. 2. Configuration of the complete tuning unit, 
fig. 3. Sample-and-hold circuit, 
fig. 4. Bar-graph circuit. 


fig. 4 



bar-graph circuit 

Fig. 4 consists of a group of LM741CN compara¬ 
tors that light the appropriate LED, depending on the 
value of the input voltage at Vj n . Each 741 has a dif¬ 
ferent reference voltage on pin 2, obtained from volt¬ 
age divider R21-R36. The sampled voltage is on pin 
3. The output of pin 6 of any 741 will depend on the 
relationship of the reference voltage to the input volt¬ 
age. When two adjacent 741s have a different out¬ 


put, the LED between them will light. In this way only 
one LED will be illuminated for any level of input 
voltage. 

construction 

A parts list for the tuning indicator is shown in 
table 1. Neither circuit layout nor components were 
critical in the unit I built. Point-to-point wiring was 
used throughout. Half-watt resistors may be substi- 
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The completed project. 

tuted if space permits. The power supply voltage can 
be changed to adjust for LED brightness. Using 
smaller resistors in series with the LEDs will make 
possible a lower supply voltage. On my unit, at 5 
volts, the upper and lower LEDs could not be lit by 
adjusting R16and R12. Using different values of R54 
and R36 or adjusting U1C gain will compensate for 
insufficient or excessive voltage swing from U1C. 
Using only thirteen or fewer LEDs in each bar graph 
will still provide a good display if cost is a factor. 

adjustments 

An oscilloscope is needed in adjusting and trouble¬ 
shooting the circuit. Adjust R1 so that U1A puts out 
a maximum voltage swing with little distortion. 
Adjust R8 for a symmetrical square-wave output of 
U1B at maximum input signal. A compromise adjust¬ 
ment may be needed to get a square wave at low 
input-signal conditions. If Q1 doesn't go low enough, 
increase either C3 or R9 until Q1 produces a low- 
going pulse of 5 to 20 microseconds. R12 is the dis¬ 
play amplitude control, while R16 is the display posi¬ 
tion control. Note that R12 also affects the display 
position. 

The displayed pattern on the LED is of sufficient 
quality to tune in an RTTY station by observing the 
LEDs alone. Another possible use for the circuit is to 
interface the LEDs with a computer and have the 
computer tune the receiver. 

bibliography 

Fredriksen, T.M., et at. The LM3300 - A New Current-Difference Qued of 
± Input Amplifiers. National Semiconductor Application Note AN-72. 
September, 1972. 

Hoff, livin M„ W6FFC, "The Mainline ST-3 RTTY Demodulator and the 
ST-4for170 Hi Shift," QST. April, 1970, page 11. 
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improvements 
to the simplified 

capacitance meter 


Repackaging and 
improved circuitry 
make a cap meter 
published previously 
even better 

I've always been suspicious of capacitance meters. 
They were difficult to read accurately, had extrane¬ 
ous readings, and were nearly useless below 100 pF. 
But the meter described by WA5SNZ1 is different. 
After building the meter, I found that it was easy to 
read and it measured to 0.5 pF. All those unmarked 
caps, variable caps, and even my homemade bypass 
caps could be measured easily. It was fun to put a 
variable cap on the meter, swing the cap from end- 
to-end, and watch the meter read from minimum to 
maximum value. WA5SNZ's cap meter is as easy to ” 
use as an ohmmeter. 

After discovering what a remarkable meter it was, I 
designed a packaging scheme so that the meter 
could be built as a club project. The packaging worked 
out so well I decided to pass it on to those interested 
in building this valuable piece of test equipment. 



mount on a single PC board except for the power supply 
and test terminals. 


By Tom Varmecky, WA3CPH, 859 Goucher 
Street, Johnstown, Pennsylvania 15905 
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construction 

The cap meter schematic is shown in fig. 1. All 
components mount on a single circuit board (fig. 2) 
except for the power supply and test terminals. The 
Cap meter was built into a box measuring 134x76 
x149 mm (5-1/4x3x 5-7/8 inches), available from 
Radio Shack (catalog no. 270-253). 

Wiring the switch on my prototype unit presented 
the biggest problem. There were just too many parts 


directly to the circuit board so that the unit can be 
checked out before it's mounted in the box. A bench 
power supply is used. 

The front panel (fig. 3) was drilled and labeled. 
The power supply was then built into the box. An 
LED indicates when power is on. 

The meter was removed after tests and mounted 
onto the front panel. Thecircuit board was then placed 
over the meter. The switch was extended through 




fig. 2. Component layout for the cep meter, above. Foil side of PC board, below. 


hanging from it. So I mounted the switch directly to 
the circuit board with small lengths of bare wire. I 
attached the wires to the switch first, fed the wires 
through the holes in the board, and then soldered the 
switch to. the boards. Be very careful to orient the 
switch correctly, as it's easy to get it out of place by 
one position. The switch is mounted on the copper 
side of the board opposite the components. Holes 
were provided in the board for mounting the meter 


the front panel and bolted on (photo). A small length 
of bare wire was soldered to the + unknown termi¬ 
nal then soldered to the board hole marked (?). The 
ground-side test terminal was connected to both the 
circuit board and box to prevent ground loops, 
modifications to 
the original unit 

The switch I used had six positions (it's available 
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from Radio Shack). Rather than leave one switch 
position blank, I added a 0-50 pF range. On this 
range, meter readings are divided by two, which is 
useful when testing small vhf and uhf components. 

The 500-ohm, zero-adjust pots on the original unit 
were difficult to set, so they were changed to 50-ohm 
pots, which made adjustments easier. I used a 100- 
ohm pot for the 0-50 pF range. I used a 5-volt regulat¬ 
ed power supply (fig. 1) rather than the original sup¬ 
ply, which was 6 volts. No effect was noted on meter 
operation. 

calibration 

Calibration is the same as for the original unit. Set 
each range to zero with its respective pot. Then place 
a 0.001 -/iF, 5 per cent or better capacitor across the 
unknown terminals. Set the calibration pot so that 
the meter reads full scale on the 0.001 -^F range. Cali¬ 
bration is then complete. 

operation 

The easiest method of operation is to place a test 



Underside of chassis showing component layout in the 
modified version of the simplified cap meter. 


lead in the ground side test terminal and clip it to the 
unknown capacitor. Then touch the other side of the 
capacitor to the plus test terminal (photo). In this 



Cap meter with an unknown fixed cap connected to test ter- 


way, transient capacitances are minimized and read¬ 
ings are most accurate. Always start on a high range 
and work down until the best reading is obtained. 
With variable caps, clip the ground lead onto the cap 



A variable capacitor connected to the cap meter. 


shaft and touch the other side to the plus test termi¬ 
nal. Vary the cap from minimum to maximum while 
reading the meter. 

reference 

1. Counney Hall, WA5SNZ, 'Simplified Capacitance Meter," ham radio, 
November. 1978, page 78. 
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auto-product detection 

of double-sideband 


Novel system for 
DSB detection 
which automatically 
generates the correct 
reinserted-carrier frequency 

The detection of carrierless signals requires very 
careful control of the transmitter and receiver oscilla¬ 
tor frequencies. Mobile communication equipment 
has the added problems associated with mechanical 
stability, widely varying supply voltage, and even 
Doppler shift, which is more troublesome at higher 
frequencies. Automatic means of correcting to the 
reinserted carrier frequency in voice single-sideband 
suppressed carrier systems have met with limited 
success. 1 In terms of power, a suppressed-carrier 
double sideband (DSB) transmission offers a highly 
efficient means of communication, and with DSB you 
know that the carrier should be halfway between the 
two sidebands. 2 

double-sideband 
carrierless detection 

The carrier frequency for a pair of sidebands is one 
half their sum; to derive the carrier, it is necessary to 
select its twice-frequency component from the sec¬ 
ond-order products obtained from a nonlinear ampli¬ 


fier (detector). The relationship of the second-order 
products to an amplitude-modulated signal with car¬ 
rier is shown in the appendix. 

The block diagram, fig. 1, shows the essentials of 
a system for generating the reinserted carrier to a 
double-balanced modulator. The carrierless DSB 
input signal is centered around the typical receiver i-f 
frequency, 455 kHz, and is applied to two groups of 
circuits: a nonlinear amplifier or detector, and a bal¬ 
anced modulator or product detector. The nonlinear 
amplifier is followed by a filter to select the desired 
sideband-sum component. The waveforms of signals 
at these points are shown in fig. 2. 

The input signal at point A is shown at the top of 



fig. 1. Block diagram of the double-sideband no-carrier 
demodulation system or auto product detector. Waveforms 
at points A and B are shown in fig. 2; a schematic diagram 
of the system is presented in fig. 3. 


By H. F. Priebe, Jr., K4UD, 5040 Wickford 
Way, Dunwoody, Georgia 30338 
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Left: Top. the auto product detector built by K4UD and used 

with a Collins R-390A receiver. Directly beneath is a bottom 

view of the auto product detector showing the twice-carrier 
frequency amplifier circuit. Above: Top view of the auto 
product detector with shield covers removed. The power 
supply is to the left, and balanced modulator with squaring 
circuit and binary counter are in the center. The BFO for SSB 
reception is at the right. Directly beneath is rear view of the 
unit. The twice-carrier circuits are located in the center 
along the bottom; the knob on the left is a BFO calibration 
adjustment. 


fig. 2 (the time-domain display is the familiar two- 
tone signal used for testing SSB transmitters). The 
output of the nonlinear amplifier following the tuned 
circuit is shown at the bottom. This signal is a 100 per 
cent modulated amplitude-modulated 910 kHz carrier 
with sidebands at twice the input sideband frequen¬ 
cies. The 910 kHz i-f amplifier and crystal filter supply 
additional selectivity to reduce the amplitude of the 
sidebands and thus reduce the resultant equivalent 
modulation percentage. The remaining sidebands or 
modulation is reduced by the squaring circuit in fig. 1 
which provides an output square wave at twice the 
carrier frequency. This 2f c signal is divided by two in 
the binary counter stage and supplied as the demod¬ 
ulating carrier to the balanced modulator product 
detector. 

Detection of signals with carrier is similar because 
the level of the demodulating carrier has several 
times the amplitude of the original. Reversing the 
phase of the 910-kHz signal is equivalent to shifting 


the phase of the carrier by 90 degrees; therefore, a 
simple phase-reversing switch permits copying 
amplitude or phase-modulated signals. 

circuit diagram 

The schematic of the carrierless double-sideband 
detector is shown in fig. 3. The nonlinear input 
amplifier is based on a dual-gate MOSFET with a 
double-tuned circuit load. A three-stage tuned ampli¬ 
fier with a crystal filter provides selectivity to reduce 
the amplitude of the second harmonics of the input 
sidebands; this ensures that an amplitude squaring 
circuit will extract the sideband sum component. The 
amount of selectivity required is related to the squar¬ 
ing circuit sensitivity and the lowest frequency side¬ 
band separation. 

For voice signals with a low frequency component 
of a few hundred hertz the 910 kHz i-f is approxi¬ 
mately 1.5 kHz wide; this permits a tolerance to sig¬ 
nal instability of approximately 1000 Hz. 



fig. 2. Auto product detector waveforms as displayed in the 
time domain {oscilloscope} and frequency domain (spec¬ 
trum analyzer). Signal at point A (fig. 1) is similar to a two- 
tone SSB test signal; signal at point B has 910 kHz carrier. 



SPECTRUM ANALYZER OSCILLOSCOPE 

/FREQUENCY DOMAIN) <TIME DOMAIN! 
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The balanced modulator (product detector) uses a 
MC1496L 1C; the type 5596A is similar but the pin-out 
is different. A diode and transformer balanced modu¬ 
lator could also be used, of course. All three were 
tested in the circuit and performed about the same. 

The BFO operates at 910 kHz and uses the familiar 
Colpitts circuit; its output is divided by two as was 
done with the derived carrier for DSB detection. 

conclusion 

The double-sideband no-carrier detector provides 
auto product detection of double-sideband signals 
with or without a carrier. There is no reinserted car¬ 


rier oscillator — the reconstructed carrier is derived 
automatically from the two sidebands of the incom¬ 
ing signal. This makes receiver tuning of no-carrier 
DSB signals as easy and simple as tuning in a-m 
signals. 

The detector is compatible with a-m and provides 
exalted-carrier a-m detection with none of the disad¬ 
vantages of carrier oscillator control. The detection 
of phase-modulated signals is accomplished with a 
switch position that alters the phase of reconstructed 
carrier. 

A BFO is included so that SSB signals can also be 
detected. Thus, the described circuit can demodu¬ 
late all the popular modulation modes as well. 



signals. Inductors LI, L2, and L3 are 290-650 fiH (J. W. Miller 9057). Transformer T1 is a 455-kHz i-f transformer; T2 is a tube-type 
455-kHz i-f transformer with turns removed. 
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improving the Drake 
R-4C product detector 

The single-ended diode product 
detector used by Drake is typical of 
the type designed into many present- 
day receivers. Its simplicity and small 
number of parts make it a good per¬ 
former in the Drake R-4C receiver. 

However, the 1N270 diode used in 
this circuit creates large harmonic 
currents because of its nonlinear 
nature. This harmonic energy is gen¬ 
erated by the BFO and appears as a 
constant hissing sound in the audio 
output. It's not noticeable on fairly 
strong signals but can become annoy¬ 
ing if you're listening to a weak 
signal. 

Some time ago I replaced the PN 
diodes in another receiver with hot- 
carrier diodes and noted an improve¬ 
ment in performance. Hot-carrier 
diodes differ from the usual PN 
diodes in that they switch very fast 
and don't suffer from the charge stor¬ 
age effect of the junction diode, 
which creates the high order of har¬ 
monics appearing in the audio 
output. 

I replaced the 1N270 diodes in my 
R-4C with Hewlett-Packard HP5082/ 
2800 hot-carrier diodes (fig. 1). The 
results were quite pleasing. Although 
the hiss was not completely elimi¬ 
nated, it was significantly reduced. 
The audio output level also increased. 

A word of caution in replacing the 
1N270 diodes: They're difficult to 
remove from the PC board because 
they are on the bottom of the board, 


which is mounted in a vertical posi¬ 
tion with other parts around it. A little 
extra care and a small pencil-type sol¬ 
dering iron should do it. Before re¬ 



receiver were replaced with H-P 5802/2800 
hot-carrier diodes to reduce product-de¬ 
tector noise. 

placing, note the polarity of the 
removed diodes. 

The HP5082/2800 diodes are very 
small and have a glass body. They 
crack easily if the leads are pulled too 
thightly through the holes in the PC 
board. 

If the HP5082/2800 diodes are dif¬ 
ficult to obtain, a suitable replace¬ 
ment is the Sylvania ECG519. 

Bernard White, W3CVS 

sealing coaxial 
connectors 

Unfortunately, few Amateurs take 
the necessary precautions to safe¬ 
guard coaxial cables from water con¬ 
tamination. This is especially true 
where connections are made to an¬ 
tennas. Often the braid and center 
conductors are simply fanned out, 


and no sealant is applied to impede 
water entry. 

Dipole installations are often the 
worst. The old trick of looping the 
coax over the center insulator and 
taping it to provide a strain relief is a 
good one. However, unless the cable 
end is carefully sealed before connec¬ 
tion to the dipole, water will enter the 
line, be drawn uphill around the loop 
by capillary action, and eventually 
contaminate the entire length of line. 

Damage to the line by contamina¬ 
tion is permanent. Even when the 
cable is dried out, the internal corro¬ 
sion will impede effective shielding, 
change the characteristic impedance, 
and increase power losses. Because 
the braid can act like a metal sponge, 
putting a liberal application of elec¬ 
trical tape at the line end is about as 
effective as taping a rope but leaving 
the end exposed: Moisture will still 
enter the open end, and capillary 
action will do the rest. 

Frequently, Amateurs attempt to 
seal line ends with silicone rubber 
sealants. Two problems exist here. 
The first is that nearly no adhesion 
exists between the vinyl or PVC jacket 
and the silicone rubber. The second 
problem is that, during curing, the 
silicone rubber compound releases 
highly corrosive acid vapors, which 
can devastate the conductive sur¬ 
faces of connectors, leading to other 
problems. The following suggested 
methods are applicable to the major¬ 
ity of installations and can save you 
both coax cable and rf. 

Before matching coaxial connec¬ 
tors for exterior use, apply a liberal 
amount of silicone grease, such as 
Dow Corning DC-4 or General Ce¬ 
ment Z-5, to the interior of the con¬ 
nectors to reduce moisture contami¬ 
nation. Any silicone grease which 
oozes out of the connectors will pre¬ 
vent adhesion of tape or other sealant 
and should be washed away with a 
solvent. Aerosol spray solvents that 
leave no lubricating residue are 
appropriate for this purpose. 

The female SO-239 connector is 
not waterproof. Care should be taken 
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to seal the rear of the connector. 
Quick-setting epoxy provides a 
watertight seal. 

Where the cable end attaches di¬ 
rectly to an antenna, an effective 
means of sealing the end is to use 
epoxy. As shown in fig. 1, a plastic 
pipe cap or plastic chair-leg tip can be 
used as a form to hold the epoxy as it 
cures. It can then be left in place. The 
braid should be expanded so that it's 
loose enough for the epoxy to flow 
around all the conductors. After 



fig. 1. Recommended method for sealing a 
coaxial cable that connects directly to an 
antenna. The plastic form holds the epoxy 
until it cures. 

pouring in the epoxy, work the coax 
around in the pipe cap to promote 
complete saturation of the braid by 
the epoxy. 

Where a coaxial connector, such 
as the PL-259, is used to terminate 
the cable, it's common to attempt to 
seal it with plastic electrical tape. 
Depending on the method used, this 
can be quite effective. However, as 
often as not, in several days the tape 
will pull around on the connector as it 
adjusts its tension. Often this leaves 
the connector partially exposed to 
water, a fact not discovered until later 
when the cable is contaminated with 
water and some malfunction necessi¬ 
tates antenna service. 

The problem can be easily avoided. 
Behind the connector, wrap enough 
plastic tape to build up the diameter 
of the cable gradually to the point 
where the connector is attached (fig. 
2). Then, an overwrap of two or three 
layers of tape covering the entire area 
can be applied easily, with no wrin¬ 
kles. This overwrap should be applied 
tightly, but without stretching the 


tape, especially during the last several 
turns. This prevents tension from 
tearing loose the tape end. Where the 
connection is to be suspended verti¬ 
cally, the last layer of overwrap 



fig. 2. Sealing coax connectors using PVC 
tape. Proper tape application avoids water 
contamination (see text). 


should be started from the bottom. In 
this way water running over the sur¬ 
face will run over the tape laps, just 
as rain runs over shingles on a roof. 

Robert Wheaton, W5XW 

modifications for the 
K4JIU frequency 
counter 

A number of people who have built 
the counter I described in the Febru¬ 
ary, 1978, issue of ham radio have ex¬ 
perienced problems on the 50- and 
500-MHz ranges. The problem goes 
something like this: On the 5-MHz 
range the counter will usually count 
to around 7 MHz. Intersil guarantees 
only 5 MHz for the ICM7208, but typi¬ 
cal performance is much better. How¬ 
ever, on the 50-MHz and 500-MHz 
ranges, the counter is found to per¬ 
form only to around 28 MHz and 280 
MHz respectively. 

The problem is not in the prescal- 
ersl Most of the counters I've seen 
and have had the opportunity to test 
don't have this problem; after some 
discussion with the Intersil applica¬ 
tions and engineering people, there's 
a simple solution that I've tried, and it 
works well. 

The problem is that the 74196 pre- 
scaler puts out a signal having a 20 
per cent duty cycle. When inverted 
by half of the 75452 this becomes an 
80 per cent duty cycle. The ICM7208 
counter chip, unlike TTL devices, per¬ 
forms best when presented with a 50 
per cent duty cycle. 


Now for the solution. The Qc out¬ 
put of the 74196 runs at the same fre¬ 
quency as the Qp output but has a 
duty cycle much closer to 50 per 
cent. Therefore, the circuit trace 
going to pin 12 of the 74196 should be 
disconnected from pin 12 and recon¬ 
nected to pin 2. This requires that the 
trace to the D data input be switched 
to the C data input; i.e., disconnect 
the trace from pin 11 and run it to pin 
3. Concerning the last change, rather 
than disconnecting pin 11, simply 
jumper it to pin 3. The explanation for 
this is simple and obvious to anyone 
familiar with the operation of the 
74196. 

Much to my embarrassment I also 
learned that, of all the counters I've 
tested, the 50-MHz front end sensitiv¬ 
ity is about 50 mV or less, flat to 65 
MHz. Apparently my own unit has 
some marginal transistors. 

I wish to thank the many hams who 
have written or called to tell me of 
their successes. I greatly appreciate 
the feedback, pro or con. The change 
described above has been incorpo¬ 
rated into the artwork, and the next 
batch of boards, which I hope to have 
by the end of May, will have this 
change. 

John H. Bordelon, K4JIU 

Collins 32S PA 
disable jacks 

The rear chassis lip of Collins 32S 
transmitters provides two phono 
jacks labeled P.A. DISABLE. These 
jacks disable the final amplifier screen 
supply and have +275 volts available 
on the inner conductors during trans¬ 
mit. To avoid equipment damage or 
operator injury by an incorrectly in¬ 
serted cable, I inserted phono plugs 
filled with silicone sealant into each 
phono jack. Plastic-sleeve-covered 
plugs, such as Radio Shack 274-451, 
might be used instead. 

With the jacks so covered, no acci¬ 
dental contact will occur. This idea 
may also be used for all other unused 
phono jacks for similar protection. 

Paul Pagel, N1FB 


march 1980 M 65 







microminiature encoder 

Communications Specialists intro¬ 
duces the SS-32 Microminiature Tone 
Encoder, which produces either sub- 
audible or burst-tone frequencies. 

This encoder measures 0.9 by 1.3 
by 0.40 inches and adapts to all mo¬ 
bile units and most portables. It oper¬ 
ates on any dc voltage from 6 to 30 
volts and may be ordered in either the 
audible or sub-audible configuration. 

The SS-32 is completely field pro¬ 
grammable using a dip switch to pro¬ 
duce any one of the thirty-two stan¬ 
dard EIA sub-audible frequencies or 
any one of thirty-two audible fre¬ 
quencies which include touch-tones, 
burst tones, and test tones such as 
600, 1000, 1500, 2175, and 2805 Hz. 
No counter or other test equipment is 
required to set frequencies. 

The output is a low-impedance, 
low-distortion adjustable sine wave, 5 
volts peak-to-peak. In the sub-audible 
version, the frequency accuracy is 
±0.1 Hz maximum from -40° C to 
+ 85° C and the accuracy of the audi¬ 
ble tone output is ± 1 Hz. 

A remote-mounted rotary switch 
may be purchased to allow selection 
of any of the tones within either 
group. Reverse polarity protection is 
built-in and all connections to the 
board are made with color-coded 
wires supplied with each unit. 

A full one-year warranty is pro¬ 
vided for factory repair. Price of the 
SS-32 is $29.95, wired, tested, and 
with complete instructions. 

For more information, write Com¬ 
munications Specialists, 426 West 
Taft Avenue, Orange, California 
92667. 


model 299 talking 
counter 

Ten-Tec's Model 299 Talking 
Counter is a self-contained frequency 
counter, speech synthesizer, and 
audio amplifier/speaker system 
which enhances operating conven¬ 
ience and pleasure for the blind ham 
operating on the high-frequency 
bands. It can be used with any high- 
frequency transceiver, analog or digi¬ 
tal, or with any vhf transceiver with 
an appropriate prescaler. Also, it 
can be used with any signal generator 
below 22 MHz as a test instrument. 
When used with Ten-Tec transceiv¬ 
ers employing 9 MHz i-f, special built- 
in presets allow proper readout of the 
operating frequency, even though 
the counter is reading VFO output. 

Some operating features are: 

1) Synthesized speech readout of 
any rf voltage applied to the input be¬ 
tween 1 MHz and 22 MHz. This in¬ 
cludes the 10-meter band on Ten-Tec 
transceivers since the VFO operates 
below 22 MHz. 

2) Choice of MHz and kHz format, 
or only kHz portion for a quick-repeat 
cycle. 

3) Choice of one-time or repeat 
cycling. 

4) Counts to four places after deci¬ 
mal (100 Hz). When used with analog 
transceivers. Model 299 increases 
readout accuracy. 

5) Self-contained audio amplifier 
and speaker. No need to tap into 
transceiver audio system. 

6) Only connection required to the 
transceiver is for the VFO output 
signal. 

7) Runs on 12 Vdc. 

Model 299 Talking Counter user 
price is $290.00. For more informa¬ 
tion, write Ten-Tec, Inc., Sevierville, 
Tennessee 37862. 

Plexiglas cabinets 

Debco Electronics introduces a line 
of Plexiglas cabinets ideal for LED dig¬ 
ital devices. All units feature a clear- 


red chassis which serves as a filter 
lens to improve readability. Two sizes 
are available: Cab-1, measuring 3 x 
6% x 514 inches, and Cab-11 meas¬ 
uring 2 14 by 5 by 4 inches. 

Both types have a sloped front and 
friction feet, and are available with 
black, white, or clear covers. Cabi¬ 
nets are available factory direct. Cab-1 
costs $9.95, Cab-ll $8.95. 

For more information, contact 
Debco Electronics, P.O. Box 9169, 
Cincinnati, Ohio 45209. 

AEA MorseMatic keyer 

A computerized electronic keyer is 
now available that combines virtually 
all the features of all the other keyers 
in the marketplace, at a price that is 
affordable for any true CW enthu¬ 
siast. 

The AEA MorseMatic uses two cus¬ 
tom, state-of-the-art micro-computer 
chips to perform functions that were 
previously only a CW operator's 
fantasy. 

The MorseMatic can be tailored to 
the user's needs. Features considered 
to be great by some users (such as 
dot and dash memory) are disliked by 
others. For the first time, the Morse¬ 
Matic makes a keyer available that 
will appeal to all users because it can 
be tailored exactly to each operator's 
desires with a sixteen-button keypad. 

For serious contest enthusiasts, 
the MorseMatic offers the most flexi¬ 
ble automatic serial-number genera¬ 
tor on the market. 

For serious vhf DXers, the Morse¬ 
Matic offers the exclusive automatic- 
beacon mode for precise moon- 
bounce, scatter, or tropospheric DX 
scheduling. To use the beacon mode, 
instruct the MorseMatic how long to 
transmit any selected message and 
how long to pause before the mes¬ 
sage is automatically transmitted 
again. The computers will automati¬ 
cally set the message code speed to 
fit the desired transmit window. The 
beacon mode can also be used for 
contest operating and for vhf beacon 
transmissions. 
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The MorseMatic keyer is the first to 
offer "soft-partitioning" of the mem¬ 
ory, unlike the "hard partitioning" in 
all other keyers. Soft-partitioning 
means no wasted memory space. All 
of the memory can be allotted to one 
message location, or it can be divided 
up into as many as ten locations. The 
memory can be loaded in automatic 
modefor perfect message formatting, 
or it can be loaded in the real-time 
mode for individualizing a message. 
Memory can also be loaded in auto- 
matie-keyer mode (any dot and dash 
ratio) or in semi-auto (bug) mode. 
Any message can be played back 
with any selected dot and dash ratio. 
Hence, the user can send a sloppily 
loaded bug-mode message back with 
perfect 3 to 1 dash to dot ratio. Con¬ 
versely, a perfectly loaded 3 to 1 dash 
to dot ratio message can be replayed 
later with as much as an 8 to 1 dash 
to dot ratio (sounding like a bug). 

Automatic transmit-tune mode. 
The MorseMatic can be used to key 
the transmitter for tuning purposes. 
The operator need only hit any key¬ 
pad button or the key paddle to de¬ 
feat the tune mode. 

Editing a memory loading mistake 
is a snap with the MorseMatic. If you 
are near the end of loading a message 
into memory and a mistake is made, it 
only takes seconds to erase the mis¬ 
take and then continue with an error- 
free message. 

All this, plus the world's best 
Morse trainer, is included in the basic 
price of the MorseMatic. It is the only 
trainer that will automatically increase 
the speed of the practice characters 
so that your brain is "fooled" into 
thinking it is still copying the starting 
speed. No more need to keep buying 
practice tapes as you start memoriz¬ 
ing old ones, or as you progress in 
speed. The MorseMatic will take you 
from 2 to 99 WPM. MorseMatic 
and Soft-Partitioning are trademarks 
of AEA. 

Introductory Amateur net price is 
$199.95. Write Advanced Electronics 
Applications, P.O. Box 2160, Lynn¬ 
wood, Washington 98036. 


R-X Noise Bridge 


Aii Palomar Engineers products ere 
of Amateur Radio equipment only. 



Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 


The Palomar Engineers R-X Noise Bridge tells you if your antenna Is 
resonant or not and, If it is not, whether it Is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because It 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams muitiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas froml 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 


The price is $49.95 in the U.S. and Canada. Add $3.00 
shipping/handling. California residents add sales tax. 


mm 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


More Details? CHECK-OFF Page 94 
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short circuits 

rotator starting 
capacitors 



In the September, 1979, issue of ham 
radio (page 92), K6WX describes a 
technique for guarding against failure 
in the,electrolytic starting capacitor of 
the Ham-M rotator. His circuit, above, 
shows how to build a non-polarized 
rotator starting capacitor using elec- 
trolytics and steering diodes. This 
scheme protects the capacitors from 
being subjected to eventually de¬ 
structive reverse polarities. 


broadband baluns 



This HP-67 program for calculating 
VSWR for a given load impedance, 
Z L , should have appeared in the ap¬ 
pendix of W6TC's article on page 18, 
February, 1980, ham radio. 



CRYSTALS & KITS/OSCILLATORS • RF MIXERS • RF AMPLIFIER • POWER AMPLIFIER 


OX OSCILLATOR 

Crystal controlled transistor type. 3 to 20 MHz, OX-Lo. Cat. No. 
. 035100.20 to 60 MHz, OX-Hi, Cat. No. 035101. 

" Specify when ordering. $5.74 ea. 


MXX-1 TRANSISTOR RF MIXER 

A single tuned circuit intended for signal conversion in the 3 to 170 
MHz range. Harmonics of the OX or OF-1 oscillator are used for 
injection in the 60 to 170 MHz range. 3 to 20 MHz, Lo Kit, Cat. No. 

035105.20 to 170 MHz, Hi Kit, Cat. No. 035106. i 
Specify when ordering $6.38 ea. 




0F-1 OSCILLATOR 

Resistor/capacitor circuit provides osc over a range of freq with 
the desired crystal. 2 to 22 MHz, OF-1 LO, Cat. No. 031108,18 
to 60 MHz, OF-1 H Cal. No. 035109. 

Specify when ordering. $4.93 ea. 


PAX-1 TRANSISTOR RF POWER AMP 

A single tuned output amplifier designed to follow the OX 
oscillator. Outputs up to 200 mw, depending on frequency 
and voltage. Amplifier can be amplitude modulated 3 to 30 
MHz, Cat. No. 035104. 4 

_ Specify when ordering. $6.67 ea. 



ffaUfe I SAX-1 TRANSISTOR RF AMP 

■LT> A small signal amplifier to drive the MXX-1 Mixer, Single tuned 
•"W -i/ y ' n Pul and link output. 3 to 20 MHz, Lo Kit, Cat. No. 03512.20 to 
{'J 170 MHz, Hi Kit Cat. No. 035103. 

Specify when ordering. $6.38 ea. 


BAX-1 BROADBAND AMP 

General purpose amplifier which may be used as a tuned or 
untuned unit in RF and audio applications. 20 Hz to 150 MHz * 
with 6 to 30 db gain. Cat. No. 035107. 
Specify when ordering. $6.67 ea. 




.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS (HC 6/U Holder) 

Cat. No. Specifications 

031080‘3 to 20 MHz —For use in OX OSC Lo $6.88 ea. 
031081 -20 to 60 MHz — For use in OX OSC Hi $6.88 ea. 
031300 *3 to 20 MHz —For use in OF-1 L OSC $5.74ea. 
031310 *20 to 60 MHz — For use in OF-1 H OSC $5.74 ea. 

’Specify when ordering 
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BUY THE BEST! 
















































YOUR AD SHOULD BE HERE TOO 
CALL 

800-258-5353 

Digitrex Electronics 


Emblem Patch 
only $2.50 postpaid 


115 BELLARMINE 
ROCHESTER, Ml 48063 
CALL TOLL FREE 
800 - 521-2333 


DIPOLE /ANTENNA CONNECTOR 


1.95 • Fully Assembled and Tesled 


I PAY CASH 

for your military surplus electronics 
If you have or know of availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 
Dave —(213) 760-1000 
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a second look 

by Jim Fisk 


The widely escalating precious metals market and Amateur Radio. What you might ask, does 
one have to do with the other? As a starter, consider the fact that the basic construction of practi¬ 
cally every component in that new transceiver you're thinking about buying uses silver, gold, or 
palladium. Those inexpensive and innocent looking ceramic bypass capacitors that are used by the 
hundreds, for example, use thin silver layers deposited on ceramic substrates. Most transistors, di¬ 
odes, and integrated circuits use gold contact wires and many are built within a tiny gold frame; and 
palladium is often used in precious monolithic resistors. When you add the precious metals in these 
common components to the more obvious ones like silver-mica capacitors and silver-plated switch 
contacts, tank circuits, and variable capacitors, it is suddenly apparent that the transceiver on your 
operating desk is a source of hidden wealth. More important, it is indicative of the great increases in 
the cost of Amateur Radio equipment you can expect in the not-too-distant future. 

As recently as last year, the cost of precious metals used in the manufacturing processes of elec¬ 
tronic components was relatively minor, and the manufacturers simply factored that cost into the 
selling price of the part. The commodities market was fairly stable, so the manufacturers absorbed 
any minor fluctuations in material costs. With the recent volatility of the precious metals market, 
however, the manufacturers are no longer able to absorb the huge cost burden and are beginning to 
pass it along to their customers in the form of a surcharge. At the present time a 10 to 15 per cent 
surcharge is not uncommon for many components; it is even higher on some high-grade parts that 
depend heavily on the use of gold. 

And while the soaring costs of gold and silver have been capturing the headlines, costs of other 
commodities which are important — often vital — to electronics are also going out of sight. Consider 
for a moment that penny in your pocket; the cost of the copper has now reached the point where the 
Lincoln penny's monetary value is essentially the same as its copper value. When you translate that 
into the huge amount of copper used by industry in the manufacture of printed-circuit boards, hook¬ 
up wire, coaxial cable, and a hundred other electronic products, you are struck with the enormity of 
the situation — and the great impact it will eventually have on the costs of all electronics equipment. 

The costs of equipment will also be greatly affected in the future by the OPEC oil cartel because of 
the great quantities of petroleum-based materials used in electronics: epoxy-fiberglass circuit boards, 
thermoplastic insulation, polythylene coaxial cable — the list goes on and on. If you have watched 
the price of coaxial cable for the past few months, you've probably noticed that the prices quoted in 
the magazine advertisements seem to be higher in each new issue of the magazine; ditto for rotator 
cable and hookup wire. Just as one example, when I bought a few feet of Teflon-insulated RG- 
141A/U coaxial cable (silver-plated conductors) for a W1 JR Broadband balun back in the summer of 
1978,1 paid a bit less than a dollar a foot — that same coax is now about $2.50 per foot in small quan¬ 
tities and the supplier refuses to guarantee the price for more than 30 days! Price increases for RG- 
8/U type coax have been somewhat less startling so far, but if I were planning a major new antenna 
installation this year, I think I would order the necessary coax before the soaring price of raw copper 
has a chance to filter down to the consumer level. Indeed, if you're thinking about buying any new 
Amateur Radio equipment, this would be a good time to make your final decision; the longer you 
wait, the more it is likely to cost. 

Jim Fisk, W1HR 

editor-in-chief 
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comments 


FCC actions 

Dear HR: 

I agree strongly with your editorial 
in December ham radiol It seems that 
since a segment of the Amateur 
world behaves like CBers with regard 
to self-discipline, the lay public and 
the FCC tar us all with the same 
brush, and have in mind the slow 
attrition of all the non-voice, non-rag- 
chewing privileges. The part that 
really concerns me is the loss of our 
ability to be on the cutting edge of 
radio technology. The RTTY restric¬ 
tions and the CW requirement matter 
are really shameful. 

Your editorial has moved me to try 
to compose a literate letter of objec¬ 
tion to send to my governmental rep¬ 
resentatives on this matter . . . what 
else should one do? 

J.L. Ragle, W1ZI 
Amherst, Massachusetts 


Dear HR: 

Congratulations on your December 
editorial; that says it all. I recom¬ 
mended to the Dayton Amateur 
Radio Association members at the 
last meeting that it was must reading 
if we are to understand the shakey 
position of Amateur Radio in the 
hands of the present FCC crowd. 

I’m afraid that our success in 
Geneva is going to develop compla¬ 
cency in the ham ranks at a time 
when Amateur Radio, as we know it, 
is really threatened. I hesitate to think 


what might have happened if the FCC 
could have slipped through the no 
code deal. I also feel that if we accept 
this action by the FCC without chal¬ 
lenging it, we will be in for more un¬ 
happy surprises in the future. 

I sent copies of your editorial to my 
Congressmen asking that Congress 
take a look at what is happening in 
the FCC. It is good to see that there 
are others as irked about this sellout 
as I am. We may not get anywhere 
but they aren't going to turn me into 
a Citizens Bander without a fight. 

Also sent a letter to the ARRL ask¬ 
ing that they use the "freedom of in¬ 
formation act" to get to the bottom 
of this. What we really need is a cou¬ 
ple of aggressive young lawyers and 
let them dig. If the kind of informa¬ 
tion could be developed that I think is 
there somewhere. Congress or the 
Chairman would have to do some 
house cleaning. 

Robert R. McKay, N8ADA 
Editor, RF Carrier 
Dayton Amateur 
Radio Association 


speed of light 

Dear HR: 

Harold Tolies, W7ITB, wrote a very 
interesting article on the speed of 
light which appeared in the January 
issue of ham radio. May I be another 
pair of eyes viewing the subject from 
a different point of view? 

In 1675 the Danish astronomer 
Roemer determined the speed of light 
at 186,000 miles per second. Consid¬ 
ering the crude equipment, it was re¬ 
markable that he came so close. Later 
this was translated into 300,000 kilo¬ 
meters per second. In appreciation of 
the longhand computations required, 
this was close enough. 

However, in 1926, Michelson was 
able to refine this speed to 29979 ± 4 
kilometers per second. Per Tolies' 
article, ITT determined in 1970 that 


the speed was 299,793 kilometers per 
second. 

Joe Reisert, W1JAA, stated in the 
July, 1976, issue of ham radio that 
the latest revision was determined by 
several authorities that light travels at 
299792.456 kilometers per second. I 
would be interested in the method 
used to arrive at this datum. Was it 
averaged from several readings or 
were weighted averages used? 

John Kraus, W8JK, wrote The Big 
Ear., in which he reaches out 12 billion 
light years into space. According to 
the spectrum red shift, there matter is 
traveling at 6/10 the speed of light. It 
is estimated at 16 to 20 billion light 
years away, objects are traveling at 
the speed of light. May I pose a ques¬ 
tion? If the center of the universe is at 
that distance, then we must be travel¬ 
ing through space at the speed of 
light, in which case the tip of my little 
finger would weigh several thousand 
million tons! It doesn't. Why not? 

Another factor in astronomy, the 
Hertzsprung-Russel diagram, shows 
the main-sequence of the stars. From 
these data, it is possible for some 
smaller stars to be much older than 
the entire universe, according to the 
big bang theory. How come? 

To answer these two questions, 
can it be that light slows down after 
traveling 10 billion light years? This 
decrement of speed might be the re¬ 
sult of light traveling the great dis¬ 
tance or of the intrinsic micro-nano- 
watt of the power left in the light 
beam. In other words: The speed of 
light is a variable constant! 

This super accuracy is very fine, 
but practical radio communication 
and antenna design dictate approxi¬ 
mate speed of light (and radio waves) 
to be roughly 299793 kilometers per 
second, or 186283 miles per second, 
or 11803 inches per megahertz for a 
full wavelength dimension. 

Keith Rhodes. WB2AOT 
Syracuse, New York 
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. OWNERS OF REPEATERS MUST BEAR responsibility for what goes out over them, FCC Long 
Beach Field Office Engineer-in-Charge Larry Guy recently told an Anaheim Amateur Radio 
Club meeting. His office intends to enforce that regulation. The question arose when 
Larry, himself K6EZM, spoke to the club on the subject of malicious interference, a 
topic that's been particularly hot in southern California. Exactly what enforcement 
action they'd take wasn't spelled out, but he did say that, under their interpretation 
of the rules, regulatory violations committed over a repeater would be treated as if the 
repeater owner had made them. 

General Agreement with that far-reaching concept was expressed by a majority of the 
Amateurs attending,though several repeater owners pointed out that this would leave them 
no choice other than to "pull the plug" on their machines whenever a maverick operator 
wanted them to. 

A Repeater In Southeast Wisconsin was reported to have been shut down by the FCC in 
February, with a number of ''Show Cause" citations issued. According to preliminary re¬ 
ports, the repeater itself, the sponsoring club, and a number of users were all cited for 
numerous rules violations in that crackdown. 

RFI FROM AND TO PERSONAL COMPUTERS has been a problem for Amateurs who've become in- 
volved in both hobby areas, and it will be multiplied greatly when computer-to-computer 
communications via Amateur Radio becomes a reality shortly. The FCC has new RFI stan¬ 
dards for computers due to go into effect July 1, but a number of computer makers are 
objecting strongly to that date and want it extended — some by as much as two years. 

The Commissioners are likely to consider the question soon. 

THE DISASTER COMMUNICATIONS Service under Part 99 of the FCC Rules would be eliminated 
in favor of a "Disaster Response Program" under Part 90, Local Government Service, if Gen¬ 
eral Docket 80-7 becomes part of the rules. Under the Notice of Proposed Rule Making 
adopted in January, present Part 99 frequencies and authorizations would fall under Part 
90. Amateurs active in CD or other emergency programs would probably be affected. 

RESTRICTIONS ON USE OF AMATEUR frequencies for radio control has upset the R/C modelers. 
The issue arose following an FCC legal opinion that only a licensed Amateur can operate a 
model using 6-meter R/C; Amateurs cannot supervise another non-Amateur who is at the model's 
controls. Many modelers have been buying 6-meter control systems to avoid 27 and 72 MHz 
QRM problems, expecting to be "legalized" at meets by friendly Amateurs. Following the 
FCC legal opinion, however, the Academy of Model Aeronautics announced that non-Amateurs 
using 6-meter R/C may no longer compete in AMA meets. 

The AMA Is Pushing to reverse the FCC opinion, on the grounds that non-licensees are 
permitted to operate on the other R/C bands under a licensed operator's supervision. 

AMATEUR RADIO'S NEW 10-MHZ BAND should be limited to CW only, the IARU Region 1 Exec- 
utive Committee agreed at its London meeting, to provide minimum utilization of the shared 
50-kHz allocation when it becomes available January 1, 1982. 

Strong Support for an all CW "30-meter" band has also been registered by U.S. Amateurs 
who have written ARRL headquarters on the subject, with only a small minority advocating 
setting aside sub-bands for other modes. 

AMSAT'S PHASE III-A SATELLITE will be flying earlier than planned. Latest word is that 
the launch date for Phase III has been moved back to May 20th from May 30th. 

Acceptance Tests on the Phase III transponder were successful and the unit has been 
approved and licensed by the Deutsche Bundepost. 

The Phase III-A Spacecraft was shipped to Frankfurt on February 19 and then brought 
by a special trailer to Toulouse, France, for vibration tests (February 27) and final ac¬ 
ceptance of the satellite flight plans. W3GEY, K1JX, DJ4ZC, and other members of AMSAT/ 
Deutschland were in Toulouse to oversee the tests. 

TWO NEW RUSSIAN AMATEUR SATELLITES should be launched and in operation very soon, 

JR1SWB, secretary of JAMSAT, reports. He says he was told of the forthcoming launch by 
a high ranking official of the Russian Radiosport Federation. The two satellites, desig¬ 
nated "RS-3" and "RS-4," are both supposed to be checked out and ready to go. This report 
seems to confirm recent suspicions that unusal 10-meter signals heard from Russia in mid- 
January were satellite related. 

OSCAR Users And Other Amateurs are urged to watch the 29.3 to 29.5 MHz slot carefully 
for unusual telemetry signals, and report anything unusual to AMSAT or ARRL. 

OPERATION BY CANADIAN AMATEURS on 75 meters between 3950 and 4000 kHz is likely to be 
eliminated as a result of the CfeC’s plan to use two frequencies in that range for internal 
shortwave broadcasts. The CBC hopes to have 250-kilowatt transmitters operating on 75 by 
mid 1981. 

HAM RADIO has a new Advertising Manager, Craig Clark, N1ACH, who will also retain his 
title of Assistant Publisher in the Ham Radio organization. Jim Gray, W1XU, continues as 
Assistant Advertising Manager, while Dottie Sargent, KA1BEB, becomes Assistant to the 
Publisher. 
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40-meter transceiver 


for low-power 
operation 

Design and 
construction details 
for a 

QRP CW transceiver 
operating in the 
40-meter band 

Have you seen the many articles that have been 
published on building simple receivers? Or how about 
the many QRP transmitter articles? How about a de¬ 
luxe QRP transceiver that has a superior receiver and 
a healthy 1-watt transmitter, both of which are VFO 
controlled? Read on. 

The excitement of operating QRP accounts for the 
recent number of articles on the subject, but I feel 
we've not seen a good transceiver that allows port¬ 
able, mobile, or fixed operation. So I came up with 
the rig presented here. I feel sure you'll be amazed by 
its performance. 

The project had some problems getting off the 
ground. Every direct-conversion (DC) receiver I tried 
ended up in the scrap bin because it hummed, had 
tunable hum, overloaded easily, or had microphonics 
and/or all the above. Then I discovered the design 
presented here, which has none of these problems. 


receiver 

This direct-conversion receiver features: 

1. Wide dynamic range (resistance to overload) 

2. Excellent a-m signal rejection 

3. No hum, tunable hum, or microphonics 

4. VFO that operates at one-half the desired received 
frequency 

The receiver (see fig. 1) has a grounded gate fet rf 
amplifier, Q101, which is used to bring the typical 40- 
meter-band noise floor (on a quiet day) above the 
receiver internal noise floor. This action provides ap¬ 
proximately 1.5-microvolt input level for a 10-dB 
(S + N)/N. The rf stage is electrostatically and elec- 
tromagnetically isolated from the VFO by T101 and 
T102 to prevent rf/VFO interaction. T102 provides rf 
VFO signals to a pair of detectors, each of which a 
complete detector: CR101, CR102, and CR103, 
CR104, which operate differentially. 

Detector characteristics. The operation of this 
detector is the single most important feature of the 
entire transceiver.* From previous descriptions of 
this detector, I have developed the detector in this 
rig, which solves the problem of VFO and rf inter¬ 
modulation and provides translation voltage gain. 

The intrinsic characteristics of this detector pro¬ 
vide the features stated earlier, because the VFO 
operates at one-half the received frequency; there¬ 
fore, a-m DSB signals contain a modulation envelope 
that cancels in each diode pair. 

•This detector, which is sometimes referred to as a harmonic detector, has 


By John L. Keith, WB5DJE, 1633 Dell Oak 
Drive, Garland, Texas 75040 
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This operation is better understood if you consider 
that the diodes act as rf switches. When the VFO 
signal approaches its peak amplitude, positive or 
negative, it turns on a diode. Therefore, one diode in 
each pair turns on at every peak of the VFO signal. So 
to obtain an audio beat note, the incoming rf fre¬ 
quency must be twice that of the VFO. The mathe¬ 
matical expression that represents this detector takes 
on the form of a cubical parabola, which also verifies 
its inability to detect a-m signals (for which a square- 
law function is used). 

a-m signal rejection. So why such a big deal about 
a-m signal rejection? No one can hear your signal 
"Under an a-m foreign broadcast station, right? You 
might be surprised — but the big deal is that this fea¬ 
ture 1) eliminates tunable hum, 2) reduces static 
level, and 3) improves microphonic rejection. These 
parameters benefit from the a-m rejection because all 
have DSB a-m components that normally go right 
through a product detector. Out-of-band signal re¬ 
jection is improved because intermodulation is very 
low in the rf amplifier, VFO, and detector output 
circuit. 

Detector output is dc coupled (since no dc compo¬ 
nent exists at the detector output) to a differential 
audio amplifier, U101A, which provides a single- 
ended output and 46 dB gain. U101B and U101C are 
800-Hz filters with a bandwidth of 200 Hz and a gain 
of 30 dB. The Q of these filters is selected to prevent 
ringing. U101D provides the last 35 dB of receiver 
gain, picks up the sidetone when transmitting, and 
drives the headphones. 

VFO 

The VFO provides an output between 3500 kHz- 
3590 kHz to transmitter and receiver. On receive the 
VFO frequency is used directly but on transmit it is 
doubled. Also in receive the VFO frequency is offset 
so that a station that returns your call will be shifted 
in frequency approximately 800 Hz, set by C209, so 
that it will fall in the audio filter passband. 




Inside top view of the transceiver, showing three PC 
boards. The miniature terminal strip secures the dial LED. 


Description. The VFO is a Seiler type using a 
2N4416 fet followed by an fet buffer and output am¬ 
plifier. U201 in the VFO is a 5-volt, three-terminal reg¬ 
ulator biased to provide +7 Vdc, set by R210. This 
regulator provides excellent voltage stability far supe¬ 
rior to that provided by a zener. The VFO frequency 
holds within 10 Hz for input supply voltage variations 
between 15 and 9 Vdc. 

The oscillator is very stable, although not tempera¬ 
ture compensated, for changes in loading and me¬ 
chanical vibration. The tank circuit is made of an SF 
material powdered-iron toroid and polypropylene 
capacitors. Dipped silver micas will work here but 
have poorer warmup drift because of the very small rf 
heating in their dielectrics. 

I had an interesting experience with this VFO in the 
design stages. I started with a Colpitts oscillator, 



Top view of the receiver board. 
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Close-up view of the transmitter board. 


which seemed to work very well. However, when I 
keyed the transmitter it shifted about 650 Hz. After 
working on shielding and buffering, and still stuck 
with a 300-Hz shift, I threw it out and designed the 
Seiler, which, without any shielding, shifts only 
about 25 Hz when the transmitter is keyed and 
sounds as if it is crystal controlled. 

Tank inductor L201 is mounted with a coating of 
polystyrene Q-dope to secure the turns and the in¬ 
table 1. Coil and transformer winding data for the low- 
power 40-meter CW transceiver. 

L101 3.5 pH (33 turns no. 28 10.3 mm| on T37-6 toroid core; tap¬ 
ped at 1 turn for antenna; tapped at 3 turns for Q101 
source) 

L201 3 pH (30 turns no. 28 10.3 mm| on T37-6 toroid core). Ad¬ 
just number of turns and spacing to set center frequency 
and tuning range; coat with Q-dope when final adjustments 
are completed. 

L301 1.8 pH (23 turns no. 2610.4 mm) on T37-6 toroid core) 

L302 220 pH (64 turns no. 30 10.25 mm) on FT50-1 ferrite toroid) 
L303 22 pH (20 turns no. 24 10.5 mm) on FT37-1 ferrite toroid) 
L304 2.5pH (27 turns no. 26 10.4 mm] on T37-6 toroid core) 

T101 2.2 pH primary (25 turns no. 28 ]0.3 mml on T37-6 toroid 
core; secondary is 6 turns no. 26 10.4 mm)) 

T102 1.3 pH (5 trifilar wound turns no. 26 ]0.4 mm) on FT37-1 
ferrite toroid) 

T201 6.4 pH primary (48 turns no. 28 10.3 mm) on T37-6 toroid 
core; secondary is 6 turns no. 26 10.4 mm), tapped at 3 
turns for the receiver) 

T301 1.3 pH (5 trifilar wound turns no. 26 10.4 mml FT37-1 ferrite 
toroid) 

T302 0.53 pH primary (13 turns no. 26 10.4 mml on T37-6 toroid 
core; secondary is4 turns no. 24 10.5 mml) 

Notes T37-6 powdered iron toroid core (SF material) has 3/8 inch (10 
mm) outside diameter, is rated at 30 pH per 100 turns. 

FT50-1 ferrite toroid |Q1 material) has 'A inch 125 mm) outside 
diameter, is rated at 510 pH per 100 turns. 

FT37-1 ferrite toroid |Q1 material) has 3/8 inch HO mm) outside 
diameter, is rated at 425 pH per 100 turns. 


ductor to the board. This prevents VFO frequency 
shift when the rig is vibrated. 

Dial calibration. Before the coil is coated, the VFO 
tuning range should be set to calibrate the dial, with 
C201 set at mid position, by adjusting the number of 
L201 turns and spacing. Once this is set, calibration 
can be made by adjusting C201, for which a hole is 
provided in the bottom cover. 

I selected a tuning range of 7000-7180 kHz (3500 
kHz-3590 kHz VFO frequency) so that my dial would 
provide 10 kHz per 10 degrees of rotation. This isn’t 
quite right, because the change is not perfectly 
linear; but the dial can be laid out with a protractor 
without having to mark it on the tuning capacitor, 
and the error will be only a few kHz. Just make sure 
it's correct at 7025 kHz above, which isn't that 
critical. 

You can calculate or measure the actual change if 
you want a more accurate calibration across the en¬ 
tire band. Also you can increase the range if you 
desire. A handy equation for this is: 

L= (u 0 )2(A C) 111 

where L = inductance (henries) 

o) 0 - 2ir /„,/„ being the lowest frequency of interest 
(Hz) 

wi = 2irfi.fi being the highest frequency of interest 
(Hz) 

AC = change in capacitance available (farads! 

Once the value of L is found, the total capacitance 
required for resonance is: 



C 0 = — -j- - and Cl = C 0 - AC (2) 

where Cl is the amount of fixed capacitance required 
and includes the oscillator capacitive loading. 



The VFO board. Note coax connection to variable capacitor. 
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fig. 2. Above, receiver-board parts layout. Below, receiver board, foil side. 


Output amplifier 0203 is operated class A into 
T201, which provides VFO energy to receiver and 
transmitter continuously. T201 is tuned with C216 to 
peak the VFO output in the center of the band. It 
operates with a £) that prevents excessive level varia¬ 
tion across the band. The VFO output level should be 
150 mV rms at the receive output. At this level the 
detector is optimized for Schottky diodes (for which 
germanium could be used), and the transmitter 
doubler is designed to operate at the level provided 
by the second output of 320 mV rms. (These read¬ 
ings were made with a diode probe.) R211 in Q301 
emitter is selected to provide these levels. I prefer 
this method of level adjustment over dividing the VFO 
externally because it provides a lower noise floor. 

transmitter 

The transmitter is straightforward using transistor 
keying, a frequency doubler, a driver, and a power 
amplifier. The keying is accomplished by Q301, 
which turns on when the key is closed. However, 
Q301 has only +12 Vdc available when in the 


transmit mode to prevent keying the transmitter 
without an antenna. Also note that Q301 keys the 
+12 Vdc to only the frequency doubler stage, 
because the driver and PA operate class C and don't 
require keying of the dc supply. 

Q302 and Q303 are connected as a push-push 
doubler with 180-degree base feed accomplished by 
trifilar-wound T301. R307 in the emitter circuits 
allows the 3500 kHz fundamental to be balanced out, 
so that the output waveform contains very little fun¬ 
damental component. The doubler output is capaci- 
tively tapped down to provide the base drive for the 
driver Q304. 

C308 tunes the doubler output and should be 
peaked in the center of the band. The doubler ad¬ 
justments should be made carefully to ensure it's 
stable and operating properly. Do not peak R307 and 
C308 for maximum amplitude alone, but adjust them 
for a stable 7090-kHz output that contains a mini¬ 
mum amount of 3545-kHz energy. 

Driver Q304 operates class C with some self bias, 
which should not be changed. The bias selected pro- 
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fig. 3. Above, transmitter-board parts layout. Below, transmitter board, foil side. 


vides a clean optimum output for the drive level in 
use. T302 is tuned by C311 and provides a low- 
impedance drive to power amplifier 0305. 

The power amplifier is a 2N3019, for which other 5- 
watt, 1 ampere transistors could be used. However, 
if the 2N3019 is not used, select one with an fj of 
about 100 MHz. If the f T is much higher, such as in a 
2N3866, the possibilities of VHF components on the 
output are very great (TVI). 

Some component-value selection can be made in 
the output-matching circuit if desired. The values 
shown were slightly changed from the calculated 
values by using a spectrum analyzer to optimize the 
7000-kHz-to-harmonic-energy content. The values 
shown provided 1 watt at 7000 kHz with the second 
harmonic down 40 dB, the third down 50 dB, and 
other harmonics down 60 dB or better. The VHF har¬ 
monics were down better than 90 dB. 

When in the transmit mode, power is also applied 
to the sidetone, which is keyed by Q301. R129 pro¬ 
vides an independent adjustment level for the 
sidetone regardless of the af gain setting. 


construction 

The QRP transceiver uses PC-board construc¬ 
tion.* Parts layouts for the receiver, transmitter, and 
VFO boards are shown in figs. 2 through 4 respec¬ 
tively. Coil data are given in table 1. 

General notes. I have built an enclosure for my rig 
so that I could have the size I wanted and accessibili¬ 
ty to both top and bottom of the circuit boards. 
Other types of enclosures can be used without any 
problems since the board interconnects are not very 
critical. I do suggest that 50-ohm cable be used to 
connect the VFO to the receiver and transmitter as 
well as to connect the antenna circuitry. The audio 
circuitry is low impedance and shouldn't require 
shielded cable. 

As you can see from the pictures, I did not shield 
the VFO. I found that on 40 meters it was not 
necessary. However, on higher frequency bands it 
would be a good idea. 

•Many components for this transceiver are available from Radiokit. Box 
429. Hollis. New Hampshire 03049. 
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fig. 4. Above, VFO-board parts layout. Below, VFO foil side. 

Making the VFO dial. I made the dial by cutting a 
piece of Plexiglas into a perfect 2-inch 150-mmJ circle 
by pushing a file against the rotating disk. 

I then cut a thin sheet of mylar onto which I let¬ 


tered the markings with dry transfers. I then sprayed 
an adhesive onto the front of the Mylar and attached 
it to the back of the Plexiglas. This prevents finger¬ 
nails from damaging the dial markings. To make the 
pointer, I cut a slit with a saw blade into a thin 
aluminum plate, which fits behind the dial, and I 
back-lighted the slit with a green LED. The dial 
mounts with two screws onto the Jackson Drive (a 
ball bearing 6:1 reduction drive). 

Note that the transceiver is made up of three cir¬ 
cuit boards. This allows you to choose the type of 
packaging that suits your needs — or your can build 
just the receiver or transmitter if you wish. 

I think you will find this project to be well worth 
while if you have the QRP bug or think you might get 
it. I've worked coast-to-coast with this rig on 40 
meters with very good signal reports. 
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ham radio 


Antique Radio Collector 

Jim Fisk's editorial in the October 
ham radio seemed to be written for 
me, since I am in the position he de¬ 
scribed. Having been active in col¬ 
lecting for quite a few years, I have a 
rather representative collection of an¬ 
tiques, and I am still collecting inter¬ 
esting things. In recent years, I have 
reduced my collection to a manage¬ 
able quantity, but the question re¬ 
mains: What will I do with it, when 
my own time comes? 

Although neither of my sons is a 
ham, one is a physicist with a scientif¬ 
ic company in San Diego, and heavily 
into electronics. We have often dis¬ 
cussed the best way to handle my 
collection. Since he travels extensive¬ 
ly — visiting universities in Japan, the 
British Isles, Europe and Scandinavia 
— he has rather intimate contact with 
the academic community. It is his 
opinion that giving one's collection to 
a university or college would offer lit¬ 


tle more probability of its being re¬ 
tained intact than one of several other 
possibilities. The staffs and adminis¬ 
trations of universities change over 
time and the newer staffs may not 
value or protect collections as well 



A portion of W9LC’s tube collection. 


as those to whom the collection was 
given. 

This phenomenon is true even in 
commercial establishments. A num¬ 
ber of years ago, when I was working 
for WGN, an erratic personnel man¬ 
ager decided he needed more room, 
and without consulting the manage¬ 
ment, junked almost the entire file of 
16-inch records of past programs. 
This was similar to those instances of 
junking valuable antique equipment, 
mentioned in the editorial. 

My son has promised that my col¬ 
lection will be preserved, although I 
am not sure how this can be guaran¬ 
teed. On the bottoms of the more de¬ 
sirable items I have attached notices, 
stating that these should be retained 
by the family. 

If you learn what can best be done 
when the collector's final QSO has 
ended, I shall be most glad to hear. 

Paul C. Crum, W9LC 
Chicago, Illinois 
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recent developments 
in circuits 
and techniques 
for high-frequency 

communications receivers 


The recent increase in high-frequency com¬ 
munication traffic and the present height in the 
sunspot cycle has further crowded the high-fre¬ 
quency spectrum. Because of the vulnerability of 
communication satellites to jamming and attack by 
missiles, use of the short-wave communications 
bands is expected to increase. Therefore, new re¬ 
ceivers must have substantially improved large signal 
handling capability and better frequency resolution. 
The digital circuitry now in use has made it impossi¬ 
ble to implement a number of mechanical solutions, 
such as tracking filters. A number of new approaches 
to improve and simplify shortwave receiver design 
will be presented in this article. 

The work described here resulted from a research 
project and study for RCA Astro Division and a proj¬ 
ect now underway for the Naval Research Labora¬ 
tory in Washington. In both cases, new ways had to 
be developed to increase the performance of a com¬ 
munications receiver; the following areas are of great 
importance: 

Good input selectivity 
Ultralinear amplifiers 
High level mixers 

Low distortion Thompson VHF crystal filters 

Choice of AGC 

Linear detectors 

New low noise synthesizers 

Microprocessor support 


S' 1979 IEEE. Reprinted with permission from NTC •79 Conference 
Record, 1979 National Telecommunications Conference.Wash- 
ington. DC. November27-29. 1979. 


input selectivity 

Because of electronic switching requirements, all 
modern receivers are double-conversion systems 
with a first intermediate frequency between 40 and 
100 MHz. The second i-f is kept as low as possible; 
frequencies from 10.7 MHz down to 30 kHz are used. 
As a rule of thumb, the first i-f should be above 60 
MHz and slightly more than twice the highest recep¬ 
tion frequency. The first i-f filters should consist of a 
crystal filter with good selectivity and low insertion 
loss; 72.03 MHz for a second i-f of 30 kHz or 72.455 
MHz for a second i-f of 455 MHz are recommended. 

Modern mechanical filters are available with shape 
factors equally as good as crystal filters commonly 
used at about 10.7 MHz with superior group delay 
and pulse response. Siemens (West Germany) man¬ 
ufactures 30-kHz mechanical filters to suit all prac¬ 
tical purposes; Collins and AEG Telefunken make 
200-kHz mechanical filters with similar performance 
which are slightly less expensive. 

The selection of 72...MHz first i-f also permits the 
use of a second local oscillator at 72 MHz, and mod¬ 
ern technology permits the design of low noise, low 
aging 72-MHz crystal oscillators. Fig. 1 is a block 
diagram of such a modern concept where, instead of 
the usual 5-MHz input for the sythesizer, an internal 
72-MHz crystal in a proportional temperature con¬ 
trolled oven is responsible for the stability and can be 
phase locked against an external 1 MHz standard 
which has lower sideband noise requirements. Tradi¬ 
tionally, 5 MHz crystals have been used because they 
combine low aging and low noise. 1 -2 

In some cases where high-frequency receivers are 


Dr. Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
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fig. 1. Block diagram of a modern high-frequency communications receiver showing the use of a72-MHz first 
i-f and oven stabilized 72-MHz crystal oscillator as the reference oscillator for the phase-locked loop. 


used in the vicinity of transmitters, an electronically 
tuned tracking input filter is required; these preselec¬ 
tors cannot be built with tuning diodes. Fig. 2 shows 
such a preselector which uses PIN diodes as switch¬ 
ing elements for the capacitors and inductors, and is 
controlled by a "look-up" table under microproces¬ 
sor control. This type of input filter has been suc¬ 
cessfully used for shipboard applications where sev¬ 
eral 1 kW transmitters were present. Fig. 3 shows a 
newly developed input stage for a similar application 
in the vhf band; fig. 4 is a graph of the selectivity 
curve. It is apparent that this type of input filter ex¬ 
hibits the best image suppression and local-oscillator 
suppression of its kind with very few components. 
The mathematics of this filter are presented in ref¬ 
erence 3; it has been used in a number of production 
receivers. 

ultralinear amplifier 

Since some receiving systems require a noise 
figure of less than 10 dB, even on the high-frequen¬ 
cies, and some requirements call for very low oscilla¬ 
tor radiation through the antenna, it is unavoidable to 
use an antenna preamplifier with less than 10 dB 


gain. These amplifiers must be designed to combine 
very low distortion and low noise figure. A method 
called "noiseless feedback" has been developed in 
both Germany 4 and the United States. 5 While con¬ 
ventional feedback techniques use resistive elements 
like an unbypassed emitter resistor for current feed¬ 
back and a resistor from input to output for voltage 
feedback, these methods introduce additional noise. 
The noiseless feedback technique permits indepen¬ 
dent choice of input and output impedance and pow¬ 
er gain while maintaining the transistor's inherent 
noise figure. The circuit as shown in fig. 5 should be 
built in a push-pull configuration to further reduce 
the second-order intermodulation distortion prod¬ 
ucts. In selected cases, it has beqn possible to 
achieve an intercept point of 80 dBm with a noise 
figure of about 3 dB. 

high level mixers 

Even without the use of a preamplifier, the mixer 
has always been the weakest link in the chain be¬ 
cause the mixing action requires a prescribed non¬ 
linearity and the third-order term will always be ap¬ 
parent. A number of efforts were made to build an 



fig. 2. Preselector is microprocessor controlled, using PIN diodes to switch inductors and capacitors in the filter. 
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Tuning capacitors are 5-55 pF trimmers. Selectivity curve is 
shown below in fig. 4. 


A typical noise figure of 2 dB, intercept point of 
+ 35 dBm, and gain of 15 dB is possible with this 
stage in the frequency range from 40 to 120 MHz. 
The combination of this stage with the mixer main¬ 
tains its intercept point, reduces the gain to about 10 
dB, and reduces noise figure to about 8 dB. A PIN 
diode attenuator is incorporated in the circuit and will 
maintain its input and output impedance very closely 
and provide an age range of 45 dB with insertion loss 
of less than 1 dB. It would have been possible to ap¬ 
ply age to the cascode, but measurements indicate 
that the PIN diode attenuator gives better dynamic 
range. 


active high dynamic mixer like the one shown in fig. 
6. 6 ' 7 These mixers are extremely sensitive to load 
changes and cannot be easily built totally symmetri¬ 
cally at the higher frequencies. The fet version of 
these mixers recommended by Siliconix requires fair¬ 
ly high local-oscillator drive. Since the input of these 
fets is purely capacitive, the cable requires a termina¬ 
tion into 50 ohms and, ultimately, the same drive 
power as a passive mixer. 

A novel high-level mixer circuit developed for the 
Rohde & Schwarz HF1030 shortwave receiver is 
shown in fig. 7. Here a push-pull version of two dou¬ 
ble balanced mixers is being used; since these mixers 
require perfect termination, an fet cascode arrange¬ 
ment with a 50 ohm termination is used. Previously, 
fets in grounded-gate circuits had been recommend¬ 
ed, but this has two drawbacks: the drive impedance 
of about 50 ohms results in a worsening of the noise 
figure because the fet wants to see a higher drive im¬ 
pedance, and it was next to impossible to apply feed¬ 
back to such a circuit (the circuit would also oscillate 
above 1000 MHz). The circuit in fig. 7 has the ad¬ 
vantages that the increased drive impedance of 200 
ohms provides a much better noise figure; and the 
use of feedback more than compensates the dif¬ 
ferences between the grounded-gate and grounded- 
source configuration. While more gain can be 
achieved in the cascode arrangement, the tendency 
to uhf oscillation has not been observed. 



Thomson vhf crystal filters 

Immediately following the mixer and its amplifier, 
it's necessary to provide as much selectivity as possi¬ 



ble. The type of filter and its bandwidth depends on 
the receiver's application. In some cases, such as 
fast data transmission, it is desirable to use Thom- 
son-type8 crystal filters with bandwidths from ±3 
kHz to ±8 kHz. The basic disadvantage of a Thom¬ 
son filter is skirt selectivity, and it may not be possi¬ 
ble to obtain 80 dB skirt selectivity 60 kHz away from 
the center frequency. In those cases where perfect 
pulse response and group delay performance are re¬ 
quired, a higher second i-f between 200 kHz and 500 
kHz must be chosen. 

Thomson filters have been recently developed and 
are available commercially.* Such filters exhibit less 
than 3 dB attenuation even with 10 crystal resonators 
and have an intercept point in the vicinity of 35 dBm. 
Applications that require a higher intercept point 
should be based on helical resonators. These reso- 


fig. 4. Selectivity curve of the vhf input filter of fig. 3. 


•Communications Consulting Corporation, 52 Hillcrest Drive, Upper Saddle 
River, New Jersey 07458. 


22 (ffl april 1980 








nators can have Q of 1000 or more and will not in¬ 
troduce any noticeable distortion. 

One of the most critical characteristics of a re¬ 
ceiver is its response to signals of varying strengths 
— it is not sufficient to optimize the filter for pulse 
response — the age system must be present: fast 
age is desirable for a-m reception while fast attack 
and slow decay time constants are required for CW 
and SSB. Fm requires somewhat intermediate time 
constants as the limiter is supposed to cancel on a-m 
components, but it is always desirable to have an S- 
meter to provide information on the input signal. 

age choice 

It appears that most currently manufactured high- 
frequency receivers suffer from good age; in most 
cases the age is too slow and the attack time pro¬ 
duces unpleasant overshoot in the audio circuits. 
The reason for choosing the insufficient attack time 


is the requirement of avoiding a peak detector for 
short pulses which would "hang up" the receiver 
during the decay time. A better way of handling this 
problem is through the use of a symmetrical audio 
limiter (clipper) which permits the audio to rise by 
about 10 dB over the audio under age control. This 
prevents the unpleasant audio bursts and accepts 
30-40 ms attack as a perfect choice. A number of age 
circuits have been published in the past and de¬ 
scribed in references 9 and 10. 

linear detectors 

A-m detectors are frequently required to have very 
low distortion and because of this, the i-f level must 
be kept at a very high level. Because of gain distribu¬ 
tion, this is not necessarily very desirable, and a feed¬ 
back a-m detector as shown in fig. 8 is ideal. The 
output distortion is substantially less than one per 
cent up to very high modulation percentages; it 



noise figure of 2 dB with intercept point at +35 dBm. 
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fig. 8. Linear detector is highly recommended for a- 


should be driven from an impedance of less than 200 
ohms which can easily be provided by using an emit¬ 
ter follower. 

low noise synthesizers 

I previously discussed the impact of nonlinear ef¬ 
fects like intermodulation distortion of second, third, 
and higher order, and will now consider reciprocal 
mixing or blocking. The so-called blocking effect 
(which is commonly confused with receiver desen¬ 
sitization) is a result of poor sideband noise per¬ 
formance of the local oscillator. 11 - 12 Synthesizers are 
traditionally built with a compromise of three 
parameters in mind: noise sideband performance; 
spurious response; and settling time. Some military 
applications require a switching time of less than 10 
microseconds, but practical applications can live 
with about 1 millisecond switching time. Most cur¬ 
rent synthesizers are multiloop synthesizers using the 
techniques described in references 13, 14, and 15. 
The recently developed digiphase system 16 or frac¬ 
tional division N system offers new capabilities and 



about 1 MHz; coarse steering is accomplished with a lookup 
table under microprocessor control. 


substantially higher resolution. The digiphase system 
is used by Hewlett-Packard 17 and Racal 18 and offers 
a number of advantages. While the presently pub¬ 
lished digiphase systems suffer from the noise side¬ 
band limitations of this technique, an improved ver¬ 
sion of this would use the phase locked loop not only 
as a control mechanism for almost infinite resolutions 
but also for suppressing these sidebands. If it were 
possible to build a VCO and use it with a very narrow 
loop bandwidth of less than 500 Hz, the unwanted 
sidebands of the digiphase system could be kept 
under control; if the tuning range of each oscillator 
could be kept extremely small, the added noise from 



the tuning diode would not have to be taken into 
consideration. Fig. 9 shows such an oscillator where 
the tuning range is held to about 1 MHz while the 
coarse steering is done by a "look-up table" under 
microprocessor control. Such an oscillator exhibits a 
noise figure of about 90-100 dB/Hz 1 kHz from the 
carrier and 140 dB 20 kHz from the carrier. 

In the past, a number of discrete oscillators were 
used for this purpose, but since it may require several 
hundred milliseconds for the oscillator to settle be¬ 
fore it is under control of the phase lock loop, in¬ 
ductor switching is fast enough that it does not 
degrade the switching performance. Such low noise 
systems also require very good phase frequency de¬ 
tectors and dc amplifiers; fig. 10 shows such a circuit 
that is recommended for use up to a 1 MHz reference 
frequency. 

microprocessor support 

Microprocessors can help in a number of ways to 
improve the performance of an "imperfect" receiver. 
As mentioned earlier, a microprocessor may be used 
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to control the antenna preselector, pre-steer the 
sythesizer oscillators, or programmed for sweeping 
and frequency hopping. A large number of channels 
can be stored and selected — the microprocessor 
quickly switches the synthesizer. Thus new applica¬ 
tions for automated systems become feasible. 

Such a system has been built in a joint develop¬ 
ment with RCA Astro Division for a satellite sounder 
system in which a transmitter generates bursts and 
the receiver, acting as a phase-coherent radar detec¬ 
tor, analyzes the signal and provides information 
about the various layers of the ionosphere. 


A number of circuit developments have been 
shown which will substantially improve high- 
frequency receiver design. Some of these circuits 
have already been incorporated in equipment. In 
some cases only the highlights have been shown, 
and it is apparent that further improvements are 
possible. Because of this, I am interested in the ex¬ 
change of ideas and would appreciate your com¬ 
ments and recommendations. 
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log-periodic fixed-wire beams 

for 40 meters 


Extensive tests 
with overseas Amateurs 
have resulted 
in an LP antenna 
with excellent characteristics 
and performance 

During the testing of the various 75-meter anten¬ 
nas described in an earlier article, 1 QRN hadn't been 
too bad and many overseas contacts with New Zea¬ 
land resulted in much useful data on antenna per¬ 
formance. During June, 1978, however, propagation 
conditions deteriorated and QRN on 75 meters 
became so bad that many of the morning DXers 
(usually on 3808 kHz) moved to 40 meters. 


Because the QRN on 40 meters was generally less 
than that on 75 meters during the DX window 
(1000-12000 UTC), I decided to remove the three-ele¬ 
ment 75-meter beam 1 and replace it with a similar 
beam for 40 meters, also using an optimum LP 
design. 

40-meter LP design 

Using W6PVK's LP design data,21 built a 40-meter 
LP using taper factor r, = 0.95 and spacing factor 
a, = 0.18. This beam would be about 18 meters (60 
feet) above ground, or almost one-half wavelength 
on 40 meters, so it should give about the maximum 
gain possible. The design was a four-element trun¬ 
cated log periodic with a boom length of 22 meters 
(71.8 feet). Complete dimensions and VSWR 
response are shown in fig. 1. 

I'd hoped to make this 40-meter LP a five-element 
array, but a tree near the center of the forward-ele¬ 
ment end of the antenna prevented extending the 
feeder to include a fifth element. However, two trees 


By George E. Smith, W4AEO, in collaboration 
with Paul A. Scholz, W6PYK. Mr. Smith's 
address is 1816 Brevard Place, Camden, South 
Carolina 29020. Mr. Scholz's address is 12731 
Jimeno Avenue, Granada Hills, California 91344 
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fig. 1. Four-element truncated LP antenna for 40 meters de¬ 
signed from data provided by W6PYK (reference 21. Curve 
showing VSWR is also provided. 


to the sides allowed the addition of a parasitic direc¬ 
tor as shown in fig. 2. Paul, W6PYK, estimated that 
this director should add about 1 dB additional gain.* 
Fig. 2 also shows the method of suspending the 
40-meter LP. (Also added later was a 40-meter dipole 


to the side and in line with the director.) This dipole 
was used as a standard for comparison with the 
beam. Both antennas were about the same height 
above ground, exactly parallel, and oriented broad¬ 
side to the west. 

test antennas 

For the 40-meter tests I used four antennas for 
direct comparison with the 40-meter west beam illus¬ 
trated in figs. 1 and 2. The comparison antennas 
were: 

1) a 40/75 meter trap dipole sloper suspended over a 
pond; 

2) a four-band Hustler trap vertical mounted on the 
roof of my house at about 9 meters (35 feet) above 
ground. Radial elements were used in the ground 
system; 

3) the dipole shown in fig. 2; 

4) a 40-meter LP-Yagi consisting of seven elements 
directed north. 

The north-oriented LP-Yagi deserves special men¬ 
tion. I've had many requests for information about its 
design and performance. 

40-meter north beam 

This antenna had four driven elements and three 
parasitic directors. Boom length was 29 meters (93.8 
feet). Height above ground was only 12 meters (40 
feet). If the height above ground could have been 
increased to one-half wavelength, and if the antenna 
could have been beamed to the northeast, it prob¬ 
ably would have been a good OX antenna for 
Europe. However, trees on my property aren't prop¬ 
erly spaced for that direction. 

The 40-meter north beam was constructed in an 
inverted-V configuration, with the center supported 
by a nylon line between two trees. Element ends 
were supported by two side catenary lines attached 
to trees at either end. An inverted-V configuration is 
shown in reference 3. This design is used by a num¬ 
ber of commercial LP-antenna manufacturers. 

The north beam was aimed about 90 degrees north 
of the west beam. It was interesting to switch from 
west to north when monitoring ZLs and VKs on 40 
meters. At times, these stations were almost nil on 
the north beam but were received strongly on the 
west beam, which demonstrated the side attenuation 
of the north beam. 


•Before considering the addition of this director element in your design, 
note that 1 dB represents a power gain of 1.26. Note also that, to double 
the power, a gain of 3 dB is required. Considering the fact that a 1-dB 
increase in signal strength is virtually imperceptible at the receiving end of a 
radio circuit, adding the director hardly seems worthwhile. Editor. 


construction notes 

The construction information presented in part 1 
and its references apply to the 40-meter designs 
shown here. 
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fig. 2. Author's 40-meter LP west beam using four driven elements and a director. A dipole was added for comparison in the 40- 
meter tests described in the text. 


My 75- and 40-meter LPs required no side catenar¬ 
ies because enough trees and other supports were 
available on either side of the antenna elements for 
halyards, which made construction and suspension 
simple and easy — each antenna element could be 
adjusted separately for proper tension and align¬ 
ment. 

The two lines shown on either side of the 40-meter 
LP (fig. 2) aren't support catenaries; they're merely 
spacing lines of nylon to keep the ends of the ele¬ 
ments parallel. This gives the same spacing as deter¬ 
mined by the center feeder. 

If you don't have trees available for supports, 
you'll need four masts or towers and you'll need two 
side catenaries to support the one- and two-element 
sections between the rear (no. 1) element and the 
forward element. 

Feedline considerations. Little information has 
been published on the spacing of the two-wire intra¬ 
array feedline for high-frequency LP wire beams, so I 
tried various spacing distances from 3.75 to 15 cm 
(1 Vi to 6 inches). All LPs constructed here since 
1975, including the75-and40-meter arrays described, 


have used a feedline spacing of 3.75 cm (1V4 inches) 
and no. 16 (1.3 mm) insulated wire. 

With this wire size and spacing, the feedline impe¬ 
dance appears to be near 450 ohms, which is about 
right for use with a 4:1 balun feeding 52-ohm coax. 
The driving-point impedance appears to be approxi¬ 
mately one-half that of the feedline characteristic 
impedance for LP arrays. 

Flexible stranded feeder wire is desirable so that 
the two wires will be straight and parallel with little 
fore and aft tension required on the center feeder. 
Insulated wire is used should the two wires touch in a 
high wind. I use trees for supports, so it's important 
to reduce element and center-feeder weight to a min¬ 
imum. Reference 4 gives suggested feed methods for 
the high-frequency LP beams tested here and may be 
of interest if one of these LPs is to be assembled. 

If you don't want to make the two-wire feeder you 
might consider the 450-ohm, low-loss, open-wire TV 
line offered by Saxton Products.* This line has been 
used for years by Amateurs for feedlines and stubs. It 
uses no. 18 AWG (1-mm) wire spaced at 25.5 mm (1 

"Saxton Products, Inc., 215 North Route 303, Congers, New York 10920 
(Catalog no. 2500 or C-4-500-6). 
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inch) and has molded insulators spaced every 153 
mm (6 inches). It's available in standard lengths of 
30.5, 76, and 153 meters (100, 250, and 500 feet). 

I've received inquiries as to whether standard 300- 
ohm TV line (ribbon) can be used for the intra-array 
center feedline. The answer is absolutely no. This is 
because the 0.82 velocity factor of TV line would not 
be compatible with the required element spacing, as 
given by the LP formulas. To confirm this I removed 
the two-wire center feeder from one of the LPs here 
and replaced these sections with a good grade of 
300-ohm TV feeder. The LP immediately showed a 
loss in gain, both on transmission and reception. 
Therefore, some types of two-wire open feeder (air 
* dielectric) must be used. A velocity factor of at least 
95 per cent or better is recommended, which rules 
out any solid-dielectric 300-ohm feeder, including the 
tubular-shaped 300-ohm uhf "low loss" TV line 
(velocity factor of 0.82). 

W6PYK mentions the requirement of air dielectric 
"to be used to prevent excessive phase shift within 
the array feed. Any other dielectric has the effect of 
increasing the spacing factor, a, in a complex 
manner." 2 

Now, the above remarks don't rule out the use of 
300-ohm solid-dielectric line between the 4:1 balun 
and the feed point of the intra-array center feeder (LP 
feed point at the short element, or front of the array). 
I’ve used this method of feeding many of my LPs; 
some use 31-61 meters (100-200 feet) of good grade 
300-ohm TV line. 

Most of my LPs are supported by trees, so weight 
must be kept to a minimum. The weight of a 4:1 
balun plus the weight of RG-8/U, or even RG-58/U, 
coax would cause the front end to sag, resulting in a 
height loss of the forward end (above ground). 

Even the best, or rather highest gain, LP used here 
to date and described in reference 6 was fed by about 
76 meters (250 feet) of 300-ohm TV line between this 
17-element LP feed point and the 4:1 balun, which 
was located at about 3 meters (10 feet) above ground 
to the rear of the LP. From the balun I used RG-8/U 
coax, buried to the station. The 300-ohm feeder was 
suspended from the forward element and draped 
under the full length of the 17-element array. 

Insulators. I've been unable to locate four-hole "off- 
the-shelf" insulators suitable for the two-wire center 
feeder-spacer insulators, so homemade Lucite insu¬ 
lators 5 are used. Reference 5 also shows the best 
method for securing these insulators to the open- 
wire feedline as well as an assembly sketch of a 
seven-element LP showing the transposition method 
of feed to alternate elements. 

If the open-wire TV line described above is used, 
the homemade Lucite center insulators can be 


replaced by standard 64-mm (2.5-inch) ceramic or 
porcelain ribbed insulators. These insulators are 
available from dealers selling antennas for shortwave 
listeners. 

The two outside ribs of these SWL-antenna insula¬ 
tors are spaced at about 25.5 mm (1 inch), and the 
450-ohm TV line can be secured to, and suspended 
below, these insulators. The two insulator holes 
secure the element centers. Connect short jumper 
wires between element-center ends and the feedline. 

As I mentioned in previous articles, small strain 
insulators (Johnny Ball) are suggested for the center 
and end insulators used on the long, rear element 
(SI) and the short forward element. 

a higher-gain LP 

Should you have the available space and neces¬ 
sary supports and want a 40-meter wire beam having 
a gain of 10 dB over a dipole, you can build a mono¬ 
band LP giving this gain. Referring to W6PYK's 
article 2 table 1 (B = 1), and using r = 0.972 - 0.978 
and o = 0.180-0.181, will give about maximum 
gain for an LP. 

Referring to the fou r-element 40-meter LP described 
above, fig. 1, for which I used (t = 0.95 and 
a = 0.18); this beam can be extended to seven ele¬ 
ments and will require a length of only 40.7 meters 
(133.4 feet). This will, of course, increase gain and 
bandwidth over the four-element model tested here, 
which was only 22 meters (71.8 feet) long. Thus by 
using an open space about 30 meters (100 feet) wide 
by 46 meters (150 feet) long in the desired beam 
direction, an excellent 40-meter wire LP beam can be 
erected. Fig. 3 illustrates this LP with dimensions for 
element lengths and spacing. 

If the length of the open space can be extended to 
about 69 meters (225 feet), a 40-meter LP beam hav¬ 
ing 10.6-dBd gain can be erected, as shown by 
W6PYK's article. This requires ten elements. Param¬ 
eters are: t = 0.978 and o = 0.181, resulting in an 
array length of ( /X = 1.48), or overall LP length of 
XO = 984/7 (MHz) = 140.6 feet x 1.48 = 208 feet 
(63.39 meters) boom. It’s assumed that this array 
would be at least 18 meters (60 feet) above ground to 
provide maximum possible gain. 

summary of 75- and 
40-meter LP antenna tests 

These tests were made to determine if there is any 
type antenna or beam best suited for long-haul, 
multi-hop DX on 75 or 40 meters. 

At my location, the last 75-meter LP, designed for 
3808 kHz with r = 0.94 and a = 0.175 {reference 1), 
appeared to be the best of the various beams tested. 
Second best were the first 75-meter LPs and the 
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fig. 3. Seven-element LP for 40 meters with improved per¬ 
formance. You'll need an open space about 30 meters (100 
feet) wide by about 46 meters (150 feet) long in the desired 
beam direction. 


Yagi. These were compared with the more common 
antennas. 

The LPs and the Yagi were the only unidirectional 
beams tested. There was little difference between 
the LPs (prior to the last) and the Yagi; however, the 
Yagi had the disadvantage of smaller bandwidth and 
it didn't cover the entire 75-80 meter band, which the 
LPs did. The Yagi was used only for a short time 
before being destroyed by lightning. 

The other 75-meter antennas tested were nongain. 
However, some were bidirectional, as mentioned in 
part 1, and were thus no more than 50 per cent effec¬ 
tive because of half the power, or radiation loss, in 
the undesired direction. 

One of the three delta loops performed fairly well 
and was used throughout the test. One of the verti¬ 
cals was also used during most of the test; however, 
both of these antennas were generally about 10 dB 
below the LPs. 

The 75-meter beams were all less than one-quarter 
wavelength above ground, so their radiation angle 
was probably far from optimum for the DX path. 
However, multi-element end-fire arrays should tend 
to lower the takeoff (and arrival) angle, compared 
with a dipole at the same height. The latter, of 
course, has most of its radiation straight up when 
only one-quarter wavelength aboveground. - 

It appears that, for my location, a radiation angle 
of about 35 degrees for 75 meters and 25-30 degrees 
for 40 meters is about optimum for the early morning 
(local time) DX path. At another location a lower 
angle could possibly be more effective. 

No single-type antenna is best suited for all loca¬ 
tions. An antenna that may perform well at one loca¬ 
tion may give poor DX performance at another. Any¬ 
one desiring a good antenna fora long-haul DX circuit 
on 40 or 80 meters should first try, at least, two 
entirely different types of antenna; possibly a quarter 
or half-wavelength vertical, with af least 50 radials to 
start and a good dipole at least 22 meters (72 feet) 
above ground. Then compare these antennas direct¬ 
ly for a few days, preferably with the same DX sta¬ 
tion. Then repeat the test several times during the 
DX opening for that day. 
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homebrew 

hardline-to-uhf 

coaxial cable connectors 


Easy method 
for making your own 
coaxial connectors 
for CATV cable 


While the CATV industry has made hardline 
cable more readily available, it has not been as gener¬ 
ous with the required cable terminations; the Ama¬ 
teur without CATV friends has little choice but to 
make his own. The inexpensive method described 
here requires no machine work or CATV hardware 
and will accommodate any cable with a 12.7-mm 
(0.500-inch) OD shield and a center conductor of 
2.92 mm (0.115 inch) OD or less. It consists of a stan¬ 
dard PL-259 (Amphenol 83-ISP) type uhf plug mated 
to a common brass plumbing fitting known as a "1 /2 
inch OD x 3/8 inch OD compression union," typi¬ 
cally $1.50 at plumbing supply houses. 

assembly 

Open the hole in the smaller union hex nut with a 
12.7-mm (1/2-inch) taper reamer until it's a tight 
press fit over the cable end of the PL-259. Screw the 
nut onto the union firmly by hand, omitting the small 
compression ring. Temporarily fit a spare SO-239 


chassis connector to the PL-259 to sink heat away 
from the pin insulation and to keep the threaded 
coupling barrel out of the way when soldering. Press 
the PL-259 through the hex nut hole until its end 
abuts squarely with the body of the union. Apply a 
small amount of water-soluble acid flux (oleic acid, 
available at most stained-glass hobby shops) to the 
joint and sweat solder, using moderate heat from a 
pencil-flame torch played onto the nut. After it cools, 
wash the connector thoroughly and dry it. 

installation 

Prepare the end of the hardline as in fig. 1. A 
tubing cutter is generally used to cut the solid shield; 
unfortunately this method often results in metal 
being swaged into the foam core, severely reducing 
the ID of the aluminum shield at this point. The use 
of a new, sharp cutter may minimize the problem. An 
alternative is to lightly score the shield with the cut¬ 
ter, then chase the mark with a rat-tail file or fine- 
tooth hobby saw until the metal just parts. Admitted¬ 
ly, the latter is a chore. 

Clean off any coatings found on the inner and 
outer conductors with lacquer thinner and lightly 
polish both with fine steel wool. With the large hex 
nut and compression ring slipped on, insert the cable 
fully into the connector. This will require firm yet 
gentle pressure, as the core OD and union ID are 
pretty much the same. Tighten the hex nut with the 
appropriate wrenches. Soldering the center conduc¬ 
tor to the pin completes the installation. 


By Bud Weisberg, K2YOF, 62 Harriet Avenue, 
Bergenfield, New Jersey 07621 
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fig.. 1. Stripping dimensions for hardline, inner conductor 
may be left longer and trimmed after installing connector. 

The final connection should be waterproofed with 
heat-shrink tubing or Mylar tape wrap. Although this 
is unconfirmed, I expect that the compression union 
will add little or no impedance disturbance to the line, 
because the union bore conveniently approximates 
the shield ID for its entire length. Compression 
unions are available in straight and reducing configu¬ 
rations, from 1 /4 inch OD to 5/8 inch OD in 1 /8-inch 
steps, suggesting that similar connectors could be 
made for other hardline sizes. 


Above, component and as¬ 
sembled view of hardline 
connector. Smaller com¬ 
pression ring, not shown, is 
not used. At right, result of 
trimming shield with tubing 
cutter. Original ID of 11.43 
mm I0.4S0 inch) was re¬ 
duced to 8.39 mm (0.330 
inch) at right. 



A slightly divergent yet related final comment: 
should you be tempted to regard hardline as "state of 
the art" coax, consider for a moment a 78-ohm cable 
with a 2.1-mm (no. 12) tinned solid copper center 
conductor and a solid drawn-copper shield, both 
separated by a continuous string of polystyrene 
beads. The round nose of each bead fitted the con¬ 
cave base of the adjacent one, allowing a bending 
radius of 101.6 mm (4 inches). Rated at 700 watts 
rms to 100 MHz, it cost 500 per foot. That was Am¬ 
phenol 72-12C, marketed to hams in the mid 1930s! 
And they offered the connectors, too. 
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high-frequency 

diversity receiver 

from the 1930s 


A report 
on the development 
of the Hallicrafters DD-1, 
the first dual-diversity 
receiving system 
for Amateur use 

It was a monster — but a very friendly monster. It 
weighed 102 kg (225 poundsl, measured 112 cm 
wide x 48 cm deep x 30 cm high (44 x 19 x 12 inches) 
and occupied a giant parking place on my operating 
table. It had twenty-five vacuum tubes, four meters, 
a seven-gang variable tuning capacitor, no transis¬ 
tors, and it received the same signal twice! What was 
it? A Hallicrafters Dual Diversity receiver, model 
DD-1, which Hallicrafters presented to the world in 
June of 1938 with a two-page spread in QST. It took 
two pages, too, to do justice to the receiver. 


the monster 

To the best of my knowledge, the DD-1 was the 
only commercially available diversity receiver at that 
time; it was designed for Amateur as well as com¬ 
mercial use. Fig. 1 shows the tuner portion only of 
the receiver without the external power supply and 
audio amplifier chassis. Inside and bottom views are 
shown in figs. 2 and 3 respectively. All three photo¬ 
graphs add up to an impressive piece of equipment. 

The DD-1 failed to become popular for several 
reasons, the most important probably being its cost. 
The receiver cost $422.00 complete at a time when 
the top-of-the-line HRO was $179.00, and a man who 
made $20 a week was considered moderately suc¬ 
cessful. Another reason may have been its many 
advanced engineering features: like those of the Air¬ 
flow Chrysler, they weren't appreciated at that time, 
and some of them are not available even today. 

diversity reception 

To fully appreciate the DD-1, you must first under¬ 
stand diversity reception. A more detailed descrip¬ 
tion is given in a previous article, 1 but briefly, diver¬ 
sity reception is a technique for reducing the adverse 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 


34 Bfl april 1980 



effects of multipath fading by receiving the same sig¬ 
nal on two or more diverse, or different, antenna- 
receiver combinations with a means of choosing the 
combination with the strongest signal. 

Under some ionospheric conditions, signals in the 
shortwave bands may travel between the transmitter 
and receiver over more than one path. If the lengths 
of two of these paths differ by an odd multiple of half 
wavelengths (only 10 meters 130 feetl for the 20 
meter band), the two signals will arrive out of phase 
at the receiving antenna. The signal will appear to be 
in a fade even though either of the two signals, if 
received separately, would be strong. The short, 
sharp fades that characterize high-frequency propa¬ 
gation are caused by this effect. 

While there are several different forms of diversity 
reception, what is known as polarization diversity 
reception appears to be the most practical for Ama¬ 
teur use because it doesn't require additional real 
estate. With polarization diversity two antennas are 
used: one vertical, the other horizontal. Each anten¬ 
na is connected to its own receiver. Polarization 



fig. 1. The tuner section only of a Hallicrafters DD-1 re¬ 
ceiver. There was also a power supply chassis and an audio 
amplifier chassis. Dual S-meters sat on top of the receiver, 
all of which added impressiveness to the system. 


diversity is effective because, in general, the horizon¬ 
tal and vertical components of a signal will not travel 
over the same paths and therefore will not fade at the 
same time. By choosing the antenna-receiver combi¬ 
nation with the stronger signal, communications can 
be carried on when signals on a single receiver would 
be in a fade. 

Although two separate receivers can be and have 
been used, 2 3 operating convenience and perform¬ 
ance improvements can be had by designing a 
receiver specifically for diversity operation. 

brief history 
of diversity reception 

The development of the DD-1 is closely tied to the 
development of diversity reception, which in turn is 
tied to the exploitation of the shortwave bands by 



fig. 2. Top inside of the DD-1. The pushbutton bandswitch is 


commercial operators more than 50 years ago. 

Following World War I, the commercial radio inter¬ 
ests forced Amateurs out of what are now called 
low- and medium-frequency bands and into the 
shortwave or high-frequency bands. After Amateurs 
demonstrated that the shortwave bands could be 
used for communications over long distances much 
more economically than could the longwave bands, 
the commercials began to investigate shortwave 
propagation phenomena. 

The fading problem. Particular attention was paid 
to fading, since fading considerably lowered the reli¬ 
ability of the circuit and could not be tolerated in a 
commercial system. Around 1925-26, Drs. Beverage 
and Peterson of RCA Communications, Inc., began 
experimenting with high-frequency communications 
and had installed a shortwave receiver at the RCA 
receiving station at Riverhead, Long Island, in New 
York. They were using a Beverage longwave antenna 
system that was over 14 km (9 miles) long! 

Fading was present. A second receiver was installed 



fig. 3. Underside of the receiver. Notice the seven-gang vari¬ 
able capacitor: they don't make them like that anymore. 
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in Dr. Peterson’s home about 1.6 km (1 mile) away; 
fading, of course, was present there, too. Correlating 
the fading by telephone, the two experimenters 
observed that there was no relationship in the fading 
between the two locations. Hence space diversity 
was born. Beverage and Peterson jointly hold the 
basic patent in this art. 

Multipath. By the late 1920s the causes of short¬ 
term fading were reasonably well understood; the vil¬ 
lain was multipath propagation. It was also deter¬ 
mined that fading did not occur uniformly over the 
earth's surface or uniformly with polarity; that is, a 
signal received on a horizontal antenna might be in a 
fade when a signal received on a vertical antenna at 
the same location could be loud and clear — or vice 
versa. Rice in a 1927 QST article* describes this 
phenomenon. 

Early commercial system. Before 1930 a triple 



tions. Inc., Riverhead, Long Island, New York. Notice the 
clipboards in the center; these held the receiver log. The log 
clipped at the top. in the usual way, indicates that receiver 
is in use. The log held by the corner indicates that that re¬ 
ceiver is on standby. The index file on each receiver gives 
dial settings for commonly used frequencies. (Photo cour¬ 
tesy Robert McGraw. W2LYH. and Hariod Moore.) 

diversity receiving system (three antennas and 
receivers) was in operation at RCA Communications, 
Inc., Riverhead, Long Island. Two papers by Bever¬ 
age et al 5 describe this installation. The receivers 
used at Riverhead were truly mammoth, as shown in 
the photograph of fig. 4. An installation of this type 
was suitable for commercials because they operate 
on one frequency for many hours continuously; but it 
was obviously not practical for Amateur use. Imagine 
trying to tune across 40 meters with this equipmentl 

Diversity reception for Amateur use. About this 
time, James L.A. McLaughlin began experimenting 



fig. 5. The prototype of the DD-1 as described by 
McLaughlin and Miles (from references). 

with diversity reception using two similar receivers. 
He was later joined by James Lamb, then technical 
editor of QST. Their early experiments were success¬ 
ful in proving the advantages of diversity reception 
for Amateur use, but were not successful in develop¬ 
ing a practical receiver for Amateurs, mostly because 
of the lack of suitable components, especially vac¬ 
uum tubes. By the middle 1930s, when improved 
tubes were available, McLaughlin and Lamb designed 
and constructed a single-tuning control, dual-diver¬ 
sity receiver for Dr. James Hard, XE1G, an American 
who operated a pharmaceutical factory in Mexico 
1936. 6 A photograph of Dr. Hard's very elaborate 
station including this receiver is shown in Radio J 



fig. 6. Advertisement announcing the DD-1 in the June, 
1938, issue of QST. The complete receiver was pictured. 
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fig. 7. An early Hallicrafters advertisement for the DD-1 
tuner as well as several accessories. (Photo courtesy Steve 
Sullivan. N4GZ.) 


The results obtained by Dr. Hard under actual 
operating conditions were very encouraging proof of 
the practicality of diversity reception for Amateur 
use. 

Hallicrafters design. McLaughlin later joined Halli¬ 
crafters as a consultant and collaborated with Karl 
Miles, then Chief Engineer of Hallicrafters, in rede¬ 
signing the earlier receiver. Some electrical improve¬ 
ments were made, but the major changes appear to 
be mechanical; that is, repackaging. This receiver is 
described in QST, December, 1937. 8 It was also 
made under the sponsorship of Dr. Hard and is what 
I call the prototype model of the DD-1. A photograph 
taken from the McLaughlin-Miles article is shown in 
fig. 5. 

Although early Hallicrafters advertisements show 
this receiver, I believe Dr. Hard's model was the only 
one made of this exact design. Later advertisements 
feature the receiver shown in fig. 6, which I call the 
production version. Fig. 6 is a reproduction of the 
two-page spread in QST announcing the receiver. A 
better picture of this version is given in fig. 1. The 


differences between this and the prototype appear to 
be cosmetic. I'll briefly mention these for the benefit 
of collectors and historians. 

Mechanical developments. On the prototype, the 
pointer on the tuning dials moves up and down as 
the band switch is rotated, much like the pointer on 
the Model SX-16, -17, and -18 receivers. The produc¬ 
tion version, shown in fig. 4, shows a simple piece of 
plastic as the tuning dial markers. 

A second difference is in the band-changing mech¬ 
anism. The prototype used a rotary switch, while fig. 
1 shows a row of pushbuttons. The change in the 
band switch may explain the change in pointers 
because, without a rotary bandswitching mecha¬ 
nism, there's nothing the pointer cord can wind up 
on to move the pointer. 

The third difference is in the cabinet. The center 
portion of the left- and right-hand front panels has a 
slight slope, while these panels are vertical in the pro¬ 
totype. The cabinet used for the production receiver 
appears to be the same as that used for the Hallicraft¬ 
ers HT-1 Amateur transmitter, the HT-3 marine 
transmitter, and the upper half of the famous HT-4, 
all of which came out at about the same time. The 



fig. B. The late production or "jazzed-up" version of the 
DD-1 showing the special hi-fi loud speaker made by Jensen 
especially for this receiver. Note that the bandspread dial is 
blank. (Photo courtesy Charles Dachis, WD4EOG.) 
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change was probably made to achieve manufactur¬ 
ing economy as well as to jazz up the appearance for 
commercial sales. 

It should also be pointed out that fig. 1 shows only 
the tuner. In addition to the tuner, there were two 
other chassis, a high-fidelity audio amplifier using a 
pair of 2A3s and a power-supply chassis. These went 
on the right and left sides of the tuner respectively. 
Diversity S-meters, which measured the signal 
strength in each receiver, were also available and 
mounted in a separate housing, which sat on top of 
the receivers. These accessories all increased the size 
and impressiveness of the receiver. A copy of a Halli- 
crafters advertisement showing the various options 
and prices is shown in fig. 7. This advertisement was 
obtained through the kindness of Steve Sullivan, 
N4GZ. 

A later change in cabinet design made the receiver 
even more stylish. The top center of the cabinet was 
raised and rounded off, while the diversity S-meters 
were enclosed in the cabinet instead of sitting on 
top. This version is shown in fig. 8; I call this version 
a late production model. This particular receiver 
belongs to Charles Dachis, WD5E0G, of Austin, 
Texas. The photograph also shows the special 
speaker cabinet that was made by Jensen for the 


DD-1. The cabinet has compartments in the back 
that hold the audio amplifier and power-supply chas¬ 
sis. WD5E0G has these items, but they are not visi¬ 
ble in the photo. The two receivers shown in figs. 1 
and 8 are the only two copies of this receiver that are 
still in existence that I'm aware of. I'd be happy to 
hear from any reader who knows of others. 

Technical description. A simplified schematic of 
the DD-1 is shown in fig. 9. It consists of two identi¬ 
cal superheterodyne receivers with a common first 
local oscillator and a common BFO. Provision is made 
at the output of each second detector for switching 
to either receiver separately or combining the two 
outputs in a summing network for diversity recep¬ 
tion. It's not too apparent, but the age buses (avc in 
those days) of each receiver are also tied together. 
The receiver with the stronger signal and higher age 
voltage will thereby tend to mute the "down" receiv¬ 
er, so that it doesn't put out a lot of noise. 

Since many of the electrical features are conven¬ 
iently identified by the front-panel controls, I show 
three detailed photographs of the left, center, and 
right panels in figs. 10,11, and 12 respectively. 

Left-hand panel. The upper half of the left-front 
panel Ifig. 10) shows the send-receive switch. The 



fig. 9. Simplified schematic of the Hallicrafters model DD-1 dual diversity receiver. 
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fig. 10. The left-hand control panel of the DD-1. 


upper send position of the lever-type switch has a 
spring return for a quick transmit; the lower send 
position has a holding position. Separate contacts on 
the switch are wired to terminals on the rear apron, 
which may be used to turn on the transmitter. These 
are conveniences not found on many receivers 
today. 

The S-meter on the left-hand is the combined S- 
meter; that is, it shows the sum of the two received 
signals, and as such will usually read high. To the 
right of this meter is another lever switch marked 
"Hetero tone Oscillator" (up) and "Heterodyne Oscil- 



fig. 11. The main tuning dial of the monster. Note the "writ 
by hand" calibration on the bandspread dial. 


lator" (down). The heterodyne oscillator is the con¬ 
ventional BFO with a pitch control knob in the lower 
left-hand corner of the panel. The heterotone oscilla¬ 
tor is a unique and interesting circuit I'll describe in 
detail later. For the present, I'll only say that it serves 
the same purpose as the BFO except that the pitch of 
a CW signal remains constant as the receiver is tuned 
through the signal instead of decreasing to zero and 
increasing, as in a conventional BFO. 

The tone control in the center of the lower left- 
hand panel is conventional. The knob on the lower 
right controls the i-f bandwidth through a very inter¬ 
esting system developed earlier by the designers of 
this receiver. I describe this, too, in greater detail 
later. 

Center panel. The center panel, fig. 11, has the 
main tuning dial and control on the left and the band- 
spread dial and control on the right. The controls 
tune both receivers simultaneously. The small win- 



fig. 12. The right-hand control panel. The S-meter is a differ¬ 
ential type. 


dows just above each control are a vernier scale that 
is used in conjunction with the outer scale on the 
tuning dial for logging. The bandspread dial was orig¬ 
inally supplied blank, to be calibrated by the owner 
according to his desires. The scale on my set was cal¬ 
ibrated by the previous owner for the Amateur 
bands. The phone jack and noise switch, again, are 
conventional. 

The column of pushbuttons is a combined band- 
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jection coupling system used on the DD-1. 

switch and primary power switch. The top button 
turns the receiver off; any of the remaining six but¬ 
tons simultaneously select the desired band and 
apply ac power. 

Right-hand panel. The right-hand control panel, 
fig. 12, has a zero-center meter used as a differential 
S-meter; it reads the difference in signal strength 
between the two receivers. Under poor propagation 
conditions it's fascinating to watch this meter swing 
back and forth as first the vertical then the horizontal 
signal predominates, while the combined S-meter 
remains relatively constant. At times like this the 
advantages of diversity reception become most 
apparent. 

The selector switch to the right of the differential 
S-meter selects the audio output of either receiver 
separately or the combined output for diversity 
reception. An i-f gain control switch to the left of the 
meter increases or decreases the gain of both i-f 
amplifiers by 10 dB. I'm not certain what the purpose 
of this control is but have found it convenient when 
signals were either very strong or very weak. 

The lower left-hand knob on this panel is the mas¬ 
ter rf gain control; it controls the rf gain of both 
receivers. The center knob is the rf gain balance con¬ 
trol. It is used to roughly balance the signal levels in 
the two receivers. With this control in the center, the 
rf gain of the two receivers is approximately equal. 
Adjusting the knob off-center increases the gain in 
one channel while decreasing it in the other. The 
control is adjusted until the differential S-meter reads 
zero on the average. 

The audio gain control is common to both chan¬ 
nels and needs no comment. 

The DD-1 featured several engineering advances, 
two of which may be of interest to receiver designers 
today. The first was a continuously adjustable band¬ 
width control that did not use a crystal filter; the sec¬ 
ond was the heterotone oscillator. 


The off-frequency rejection system. This circuit 
was described by McLaughlin and Miles 9 a month 
before the DD-1 itself. The basic schematic is shown 
in fig. 13. To quote the author: 

It will be observed that coupling is provided by the mutual 
inductance, M, between L 1 and L 3 and the capacitive coup¬ 
ling, C 3 .. . Mutual inductance, M, and the capacity coup- 
ling, C 3 , are so chosen that at some determined frequency 
off resonance the voltage induced through M is opposite in 
sign to the voltage induced in C 3 and will therefore cancel it 
out. In other words, no coupling exists at this particular fre¬ 
quency. In order to achieve infinite rejection at this unde¬ 
sired frequency, correction for power factor in the circuit 
must be made. Resistor R, in the diagram is the power fac¬ 
tor corrector. The rejector control, C 3 , can be made vari¬ 
able and tuned over a fairly wide frequency range of rejec¬ 
tion without noticeable interlocking effect on the i-f. For 
proper operation, resistor R, should be variable; but once 
the infinite rejection point has been found, it need not be 
touched again . . . 

[Fig. 14 shows the response of] a single rejector circuit 
set to reject a frequency 4.5 kHz off resonance. The 
rejector slot, as is apparent, goes to infinity at this frequen¬ 
cy and its action is very similar to the rejection in a crystal 



fig. 14. Frequency response of a single rejector circuit set for 
infinite attenuation at 4.5 kHz above the resonant frequency 
(from reference 9). 
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fig. 15. Bandpass of two rejector circuits set at 9.5 
kHz above and below the resonant frequency 
(from reference 9). 


To obtain a symmetrical response, two such cir¬ 
cuits replaced the i-f transformers for two consecu¬ 
tive stages. The coupling capacitors, C3, were 
chosen so that one infinite rejection slot was above 
the desired center frequency and the other below it. 
These variable capacitors were also ganged so that 
one increased the slot frequency while the other de¬ 
creased it. Thus the bandwidth could be made con¬ 
tinuously adjustable by means of tuning the two 
capacitors. 

Figs. 15 and 16 show the resulting bandpass with 
the rejector control set at ±9.5 kHz and ±5 kHz 
above and below resonance. 

The schematic of fig. 17 can be used to obtain a 
continuously adjustable bandwidth for a single 
receiver. In the DD-1, it's necessary to gang two 
rejector pairs, one for each receiver. Although this 
system is relatively simple and straightforward, I'm 
not aware of its use on present receivers. One varia¬ 
tion might be to use a varicap for remote bandwidth 
control. The circuit seems to be a forerunner of the 


so-called single-sideband mixer used in the micro- 
wave region today. 

Heterotone feature. Another interesting feature of 
the DD-1 is the heterofone oscillator used to receive 
diversity CW signals. Receiving diversity CW pre¬ 
sents a problem not found in diversity phone recep¬ 
tion; that is, in phone reception the combining of the 
two signals occurs after all rf phase information is 
lost. With CW reception, using a conventional 
heterodyne BFO system, the phase information is still 
present in the audio output, since the audio signal is 
a CW signal itself. 

When we discussed short-term fading, we said it 
was caused by two signals from the same transmitter 
traveling over two different paths varying in distance 
by one-half wavelength and arriving at the receiving 
antenna out of phase. Assuming polarization diversi¬ 
ty, it's entirely probable at times that the signals 
arriving at the horizontal and vertical antennas would 
travel over slightly different paths and arrive at their 
respective antennas out of phase. The audio output 
of each channel would also be out of phase, as the 



fig. 16. Same as fig. 15 except that rejector circuits are 
5 kHz above and below resonance (from reference 9). 
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fig. 17. Two infinite rejection circuits ganged to give continuously adjustable 
bandwidth. In the DD-1, the i-f amplifier of each receiver has its own infinite re¬ 
jection pair, and all four circuits are ganged together. 


same hetero dyne oscillators are used for both chan¬ 
nels, so that the combined audio signals would null. 
We have then, in effect, generated a fade inside the 
receiver, when both signals are strong at their anten¬ 
na, terminals. But this is just what we're trying to 
avoidl The answer is, of course, to remove all phase 
information before combining the signals. Two ways 
of doing this are generally accepted. 

The method used by the commercials is to feed the 
output of the i-f amplifier for each channel into its 
own diode detector without using a BFO. Each detec¬ 
tor output becomes a series of dc pulses, in Morse 
code, from which all phase information has been 
removed. The detector outputs are then summed in a 
conventional summing network; as this sum is the 
total of all channels, it is relatively fade-free. The 
summed output is used to key a local audio oscilla¬ 
tor, which the operator hears in his headset. 

Another method is the heterotone circuit as used 
in the DD-1. With this circuit, no BFO is used. 
Instead, an audio-frequency oscillator is used to 
amplitude-modulate the i-f signal in each receiver. A 
conventional diode (envelope) detector is used in 
each channel. The detector output is therefore an 
audio tone when a carrier is present and no tone 
when one is not present. All rf phase information is 
lost, so the two signals can be combined without 
phase effects. 

It's interesting that the heterotone type of CW 
reception was originally developed by James Lamb 10 
and has some advantages over heterodyne detec¬ 
tion, even in single-receiver applications. This is 
especially valuable for operators who spend long 
periods of time at the key, such as in contests or 
moving traffic. 


Let's go back some forty-odd years and read what 
James Lamb had to say on the subject: 

In heterodyne reception of pure dc telegraph signals there 
is a monotony, an exasperating tiresomeness about that 
piercing beat-note that makes old-time operators wish for 
the good old days and makes those who haven’t had modu¬ 
lated mew or icw experience wish they could do something 
besides change the beat note to just another single tone 
that drills a hole into the hearing system. This fatigue and 
monotony from listening to a pure dc beat-note isn't all 
imagination, either. It’s quite real and demonstrable by 
authentic scientific proof . . . 

Although I don't do a lot of operating, my own lim¬ 
ited experience with heterofone reception has been 
very favorable. This appears to be another engineer¬ 
ing feature not available that perhaps ought to be. 

closing comments 

As a writer interested in the history of diversity 
reception, particularly for Amateur applications. I've 
been frustrated in researching this article. There is so 
much I have not been able to find out! 

For instance, I'd like to know more about Dr. Hard, 
XE1G, and how he became interested enough in 
diversity reception to finance the development of 
two early diversity receivers. Where are his receivers 
now? What became of Dr. Hard's two very elaborate 
stations? What became of Dr. Hard? I assume he's 
long since become a silent key. The Mexican Embassy 
in Washington, D.C., has no record of a Hard chemi¬ 
cal works today. 

How many DD-ls were actually manufactured? In 
the August, 1976, issue of QS7"I ran an "I would like 
to get in touch with" notice for present or former 
owners of the DD-1. I received three responses. One 
said he understood "about a dozen" sets were man- 
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ufactured. Bill Halligan tells me he thinks it was more 
Iike200sets. Who bought them? How were they used? 
Where are they now? I only know of two, my own 
and Chuck Dachis's. 

In addition to being the first and only diversity 
receiver available commercially, the DD-1 featured 
many engineering advances as well. I believe it 
deserves more prominence in the annals of Amateur 
Radio than it's been given to date. If it's going to 
assume its rightful place, questions like these should 
be answered. I'd be pleased to correspond with any¬ 
one who knows these answers. 

I've heard the DD-1 referred to as the Edsel of the 
radio industry; I'd rather think of it as the Airflow 
.Chrysler of the industry, since it was so far ahead of 
its time. 

With the development of solid-state components 
and PC board techniques, a diversity receiver can 
now be built that's considerably smaller than the 
"monster"; smaller, in fact, than a modern transceiv¬ 
er. Diversity reception has proved itself in over fifty 
years of commercial service. Isn't it time Amateurs 
tried it? 
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I 

H for your 

H frequency counter 


Still another use 
for the NE-555 timer 1C — 
this time in a unit 
of test equipment 
for measuring capacitance 


Here is a very useful accessory for your counter 
that will allow you to measure capacitance from 
about 5 pF to 50 *iF in two overlapping ranges. 
Resolution is 1 pF or 100 pF, provided the counter 
can display 1 Hz. Accuracy depends chiefly on stan¬ 
dards used for calibration or comparison with a 
digital capacitance meter of known accuracy. Using 
all new parts, it costs about $18.00. 

This is a modification of the W6ALF 1 circuit using 
the 555 timer 1C in the one-shot mode to produce an 
output pulse of length proportional to the capaci¬ 
tance used in the RC timing network. The pulse is 
used to gate a transistor switch, which passes 1-MHz 
pulses obtained from the counter time base. The 
counter displays the number of 1-MHz pulses passed 
through during the timing period. 

The basic circuit has the disadvantage that the 555 
timer will produce an output pulse with no external 
capacitor; thus the counter will display anywhere 
from about 9 to over 30 depending on layout, strays, 
etc. The improved circuit uses another 555 to output 


a pulse that can be adjusted to the same length, 
which delays output of the 1-MHz pulses so that the 
count can be zeroed when no capacitor is connected 
to the test terminals. 

This unit needs no external power. It will work with 
TTL- or CMOS-level signals, requiring only a 1-second 
gating pulse and 1-MHz clock pulses from the 
counter. Current drain from the internal 9-volt 
alkaline battery is 16 mA maximum. I tend to be 
forgetful, so I used a momentary push-to-test 
switch. 

circuit operation 

Refer to fig. 1. A positive-going gating pulse from 
the counter at El is differentiated by R1C1, inverted 
by Ql,and the required short negative-going trigger 
pulse is applied to U1 pin 2, the main timer, and also 
to U2 pin 2, the delay timer. Pin 3 of each 555 very 
rapidly goes high. U1 pin 3 back biases CR1 for the 
duration of U1 output pulse. When SI A is in the low- 
range position, U2 pin 3 switches Q2 emitter high, 
which cuts off Q2 and back biases CR2. When both 
CR1 and CR2 cathodes are high, Q3 turns on and its 
collector goes low to the output at E3. 

When U2 times out, its pin 3 goes low, which 
enables Q2 to switch 1-MHz pulses coming in from 
the counter time base at E2. CR2 is then switched on 
and off, which turns Q3 off and on at a 1-MHz rate. 
When U1 times out, CR1 cathode goes low, disa¬ 
bling Q3 so the output at E3 ceases. The counter ac¬ 
cumulates the 1-MHz pulses and displays the 
number. 

The delay timer, therefore, inhibits the count for a 


By R. H. Griffith, W2ZUC, 476 Keenan 
Avenue, Ft. Myers, Florida 33907 
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Cl, C4, C6 mica or ceramic 

C2 disc ceramic 

C3 miniature ceramic trimmer 

C5 tantalum 

El gating pulse in 

E2 1-MHz pulses in 

E3 gated 1-MHz pulses to counter 

S1 range switch, dpdt toggle 

All '/«-watt, 5 per cent carbon composition; 

resistors pots 10 mm (0.4 inch) square 
PC-board mount 

fig. 1. Schematic of the capacitance-measurement accessory 
for use with a frequency counter. Circuit is a modification of 
that in reference 1. It uses a second NE-555 timer 1C, which 
allows the count to be zeroed when no capacitor is connected 
to the test terminal. Circuit works with TTL- or CMOS-level sig¬ 
nals, requiring only a 1-second gating pulse and 1-MHz clock 
pulses from the counter. 

time interval that is adjustable by RIO and C3. That 
interval is made equal to the open-circuit time of U1 
— the pulse length that occurs when no external ca¬ 
pacitor is connected to the test terminals. The delay 
circuit is not needed on the high range. SIB grounds 
Q2 emitter on that range. 

The diode in Q3 emitter circuit ensures that the 
transistor is turned off when either CR1 or CR2 
cathode is low. Pin 3 of the 555 goes to less than 100 
millivolts when low; but when this voltage is added 
to the drop across either CR1 or CR2, Q3 base may 
be sufficiently positive to cause some conduction in 
Q3. 

Bypass capacitors C2 and C5 were included for 


good design practice. No jitter on the timer output 
pulse was seen using a 15-MHz scope. Capacitor C4 
suppresses a vhf oscillation in the counter input cir¬ 
cuit when the tester is connected but not in use. 

Battery voltage is not at all critical. The unit works 
over a range of 5-15 volts. Stability was slightly bet¬ 
ter at 9 volts than at 5 volts, but no noticeable im¬ 
provement occurred at 13.8 volts. I used the 9-volt 
battery for convenience. It should last a long time in 
this service. It can be checked easily by loading with 
a 470-ohm resistor. If its voltage drops below 8 volts 
after a few seconds, replace the battery. 

component selection 

The total resistance needed for the timer circuit 
can be calculated from t = 1.1 RC. When t = 1 sec¬ 
ond and C = 1 pF, R = 909 kilohms. The series 
string, R3, R4 and R5, allows adjustment from about 
880 to 930 kilohms. For the high range, which is one 
hundred times the low range, R calculated = 9.09 
kilohms. R6 and R7 provide adjustment from 8.2 kil¬ 
ohms to 9.2 kilohms. 

The low range will allow measurement from typi¬ 
cally 2 or 3 pF to nearly 1 /*F on a six-digit counter, or 
up to 0.1 fuF on a five-digit counter, provided the 
counter will resolve 1 Hz. The high range is useful 
from about 0.01 /tF (count of 100) to over 50 /*F. 

The resistor string for the delay timer uses the 
same values as the main timer. The two should track 
reasonably well with changes in temperature and 
humidity. 

There's no point in using precision resistors in this 
circuit except for improved long-term stability that 
might be obtained. Likewise, multiturn pots aren't 
really needed. 

Battery voltage change from 8.0-9.5 volts made 
less than 0.1 per cent change in counter reading. 

Transistor Q1 can be any medium-speed switch, 
but Q2 and Q3 should be fast-switching. The 
2N2369A works well at low collector current. Some 
2N3904s tried as Q2 and Q3 were found not to switch 
reliably. 

Capacitor Cl was the smallest value that allowed 
reliable triggering of the 555s. Pin 2 of the 555 should 
be driven close to ground; but if it's held low too 
long, the timer will be fired again when the output 
pulse is short. 

counter interface 

This accessory unit was built to be used with a 
Heathkit 18-1102 counter. A pin jack and a BNC con¬ 
nector were mounted on the counter back panel, 
from which unshielded leads were connected to J4-1 
and J4-3 respectively on the timebase-board socket, 
which are the gate (1-second or 1-millisecond) and 1- 
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Accessory unit in use with the Heath IB 1102 counter. The 
extra BNC socket to the right of the counter MHz-kHz 
switch is for input to a divide-by-10 scaler. 


MHz outputs. Connections to these points didn't 
disturb the normal operation of the counter in any 
way. 

Other counters may be used. The gate-pulse line is 
loaded very lightly. The 1-MHz pulses should be 
taken from a buffer rather than directly from the 
timebase oscillator. In the IB-1102, a 7473 divide-by- 
four flipflop supplies the 1-MHz signal to the string of 
decade dividers, which provides excellent isolation. 

It should be possible to use the 3.579545-MHz 
clock in counters using a TV color-oscillator crystal 
time base, although I have not tried it. The resistor 
string should then total 254 kilohms for the low-C 
range, for 1 pF and 100 pF resolution respectively. 

If your counter has a 0.1-second gate time — and 
resolves to 10 Hz — you can increase the resistor 
string to ten times values given and still obtain 
desired resolution. You may enounter some jitter and 
drift, however, because of varying leakage asso¬ 
ciated with resistance values that are as great as 9 
megohms. 

Actually, the gate-time length in the counter isn't 
important provided it's long enough to allow full 
count of the 1-MHz pulses. For instance, the IB-1102 
has selectable 1-second and 1-millisecond gate 
times. The switch is labeled MHz and kHz. Used as 
a frequency counter, the gate time must be 1 second 
to count and display to the closest 1 Hz; and for 1 
second of counting time it will, of course, display 
1,000.000 kHz (1,000,000 Hz) for an input signal of 1 
MHz. For 1-millisecond counting time, the display is 
1.000 MHz. 

As a pulse counter or totalizer, the displayed digits 
are the same regardless of the MHz-kHz switch 
position if the number of pulses is less than allowed 
by the gate time. For example, a 910-pF 5 per cent 
mica cap measured 877 pF on the low-C range using 


a 1-second gate (1-MHz position! and exactly the 
same using a 1-millisecond gate (1-kHz position). 
This is an interesting observation, because it shows 
that the pulse length is essentially independent of the 
duty cycle of the 555 timer. But a 1500-pF cap, which 
measured 1506 pF using 1-second gate, caused a dis¬ 
play of 970 using the 1-millisecond gate. The reason 
for 970 instead of 1000 is that the delay circuit sup¬ 
pressed the first 30 pulses, and the shorter gate time 
eliminated counting the last 506 pulses. 

construction 

The entire circuit was put on a 50- by 75-mm (2- by 
3-inch) single-side board with room to spare. Lines 
and pads were made with a high-speed hand grinder 
using dental burrs — used burrs are free from your 
friendly dentist (thanks to Murray, WB2DXD). It 
could just as well have been done on perf board or 
etched if you wish. 

A single 16-pin socket accommodates both 555s. 
The board fits inside the 57 x 57 by 100 mm (2 ’/« by 
2% by 4 inch) aluminum box. The dpdt HI-LO range 
switch, momentary NO pushbutton switch, and the 
banana jacks are on the face of the box. A length of 
RG-58/U comes through a grommet, and a UG-88/U 
BNC connector on its end goes to the counter input 
jack. A single angle bracket holds the board in posi¬ 
tion. The 9-volt battery fits at the end of the board; 
it's held in place by a bit of polystyrene foam. 

Another length of RG-58/U with BNC plug, and a 
single unshielded wire with a phone tip plug, pass 
through a grommet in the back of the box. These go 
respectively to the 1-MHz output and to a pin jack 
connected to the counter gate pulse line. 

calibration and use 

An acceptable calibration can be made with an 
assortment of 5 per cent silver mica and 5 per cent 
polyester or polystyrene caps. If you have access to a 
good bridge or digital capacitance meter, or some 
known 1 per cent caps, so much the better. 

First, remove the delay 555 from the socket, and 
put a wire jumper from socket pin 3 to ground. This 
grounds Q2 emitter and disables the delay circuit. Do 
not ground pin 3 directly when the 555 is in the cir¬ 
cuit, because this will short-circuit the 555 output 
and exceed its current rating. 

checks for 
low-range operation 

Set the range switch at LO. Set main timer pot 
R5 at about 50 per cent resistance. Do not connect 
anything to the test jacks. Connect unit to counter 
and push the test switch. The counter should display 
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some number — approximately 30. If it doesn't, 
check the board for cold solder joints and solder 
bridges. Use a scope to check at U1 pin 3 for an out¬ 
put pulse. Unless you have a very fast scope, you 
can't see the trigger pulse at pin 2; but if there's no 
pulse at pin 3, the 555 may be bad or simply not trig¬ 
gered. Also check at Q1 base for a 1 -second gate and 
at Q2 base for a 1-MHz pulse. 

When all is well, connect a known value of capac¬ 
itor to the test jacks — something in, say the 50-200 
pF range. Adjust the 50-kilohms pot, R5, to make the 
display read a known value of test capacitor plus the 
open-circuit reading. Remove the test cap to see 
whether the "open" reading changed. If it did 
fchange, repeat the above procedure until the open 
reading does not change. 

Remove the jumper in the delay 555 socket, re¬ 
place the chip, and replace the test capacitor. Now 
adjust the delay timer pot, RIO, and C3 trimmer until 
the display is correct. Check with the smallest value 
cap you have for which capacitance is accurately 
known. 

high-range checks 

Switch to HI range. Insert a known value capacitor 
of about 0.5 /iF. Adjust the 1-kilohm pot, R7, for cor¬ 
rect reading. There is no delay adjustment on this 
range. 

Check readings on various capacitors (observe po¬ 
larity). Electrolytics generally show increasing 
readings. This can be caused by gradual reformation 
of the dielectric, especially if the cap is old. Note that 
capacitance values obtained by measurement with 
this or any other low-voltage tester may be quite dif¬ 
ferent from the effective values if working voltage is 
much higher. Also, measurements on very high K 
ceramic caps may be erratic. That's not the fault of 
the tester — it simply indicates that the retrace 



Circuit board and parts. The three square pots are at lower 
right; the two 555s are in one sixteen-pin socket. Q1 is at top 
left; Q2 at top right, which is nearest the 555s. Q3 is at bot¬ 
tom left. (Some resistors are standing on end.) 


(charge and discharge) times for such dielectrics 
aren't constant, so it's a useful check on whether an 
unknown cap is stable enough for some intended 

final checks 

Check linearity by measuring two caps separately 
and in parallel. There should be good agreement. I 
measured two 650-pF, 0.5 per cent micas as 647 pF 
and 652 pF and together 1300 pF. Two 0.1-/*F poly¬ 
styrene caps were 0.1001 jtF and 0.1026 /xF; together 
they were 0.2025 fxF. 

Small-value caps should be checked by insertion 
directly into the test jacks with no extra leads. I made 
some small spring clips soldered to bananna plugs to 
allow good contact. Test leads can be used for con¬ 
nection to larger value caps with negligible error — or 
the actual capacitance across the leads can be noted 
and readings corrected. 

Another useful check can be made on a capacitor 
of about 0.01-1.0 nF. Measure it on both ranges. 
Very close agreement should occur if the calibration 
is accurate. But note that some metallized and or¬ 
dinary paper caps may have enough leakage so that 
the readings on the low range are higher than on the 
high range. Only the best quality polyester or other 
high-grade caps will consistently give equivalent 
readings on both ranges. 

On the high range, the counter display with test 
terminals open is 10. According to a note in the Na¬ 
tional Semiconductor data for the 555, this occurs 
because comparator storage time limits pulse width 
to 10 microseconds minimum when pin 2 is driven 
fully to ground for triggering. I made a series of tests 
using caps of 100 pF-1500 pF in approximately 100- 
pF steps. From 100-700 pF, the counter displayed an 
increasing count, as expected, up to 17 for a 700-pF 
cap. But with an 800-pF cap the count dropped to 
10, and at 1500 pF the display was 16; at 10,000 pF 
the count was 100. Evidently, with a large enough 
capacitor in the test position, the minimum 10- 
microsecond pulse is swallowed. This particular bit 
of serendipity was accepted gladly, for it made delay 
compensation unnecessary on the high range. 

To me, the most useful feature of this accessory is 
that I can match caps closely, using the full resolu¬ 
tion capability of the counter, which can't be done 
on the usual four-digit capacitance meter, and the 
cost is a lot less. Besides, it was fun to design and 
build. 

reference 

t. Ray Kramer. "Using a Frequency Counter as a Capacitance Meter." 
QST. August. 1977, Page 19. 
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600-MHz prescaler 

for use with 
electronic counters 


A simple prescaler 
for LSI chips 
that covers 
frequencies to 600 MHz 


TTL through the 74S86 exclusive-OR to the output 
buffer, which completes the dividing chain. 

The vhf front-end amplifier is a MECL triple-line 
receiver. Using the MC10116 as an amplifier pro¬ 
duces a gain of approximately 20 dB. The vhf-input 
sensitivity is shown in fig. 1 and input impedance in 
table 2. Since this signal must be divided by ten 
once, the MC10107 exclusive-OR gates the output of 
this amplifier directly to the MC10138. The signal is 
divided by ten and gated to the output buffer, which 
completes the vhf dividing chain. 

The schematic of the prescaler is shown in fig. 3. 
To achieve a higher input impedance in the hf front 
end, the amplifier has a fet input. The RCA 3028 dif¬ 
ferential amplifier is used as an amplifier and limiter 
with a gain of approximately 30 dB. The sensitivity of 
the hf input is shown in fig. 4 and input impedance in 
table 3. The output of the amplifier is a limited sine- 
wave but not directly compatible with TTL. The fet at 
the amplifier output converts the signal to a TTL 
level. This signal isn't divided, so the 74S86 gates the 
signal to the output buffer, completing the hf 
section. 

Power requirements for the prescaler are 15 Vdc, 
35 mA and 5 Vdc, 325 mA. A Motorola MWA120 
broadband amplifier can be used in place of the 
ATF-417. The MWA120 has a gain of 14 dB to 600 
MHz; the cost is much lower than that of the 
ATF-417. 


The production of LSI integrated circuits has allowed 
complete frequency counters on a single chip. The 
disadvantage of these devices is that the maximum 
input frequency is limited, usually to about 6 MHz. 
However, the frequency range can be extended by 
using a prescaler. This article presents a frequency 
prescaler usable to 600 MHz. 

To achieve maximum input frequency, emitter- 
coupled logic (ECL) is used because of its high speed. 
(MECL is Motorola's trade name for ECL.) The pre¬ 
scaler has three separate amplifiers, one for direct 
countingand the other two for inputs to be prescaled. 
Exclusive ORs automatically switch the outputs of 
each amplifier, which eliminates the need for front- 
panel rf switching. None of the amplifier inputs were 
diode protected. Diodes add extra input capacitance, 
which degrades frequency response. 

design 

The sensitivity of the uhf range is shown in fig. 1, 
input impedance in table 1. As shown in fig. 2, the 
uhf front end is an Amperex ATF-417 broadband am¬ 
plifier. The gain of this device is approximately 25 dB, 
with a bandwidth of 960 MHz (40 MHz -1 GHz). 

The Fairchild 11C90 divides the output of the 
ATF-417 by ten. The Motorola MC10107 exclusive 
OR gates this signal to the next divide-by-ten, which 
an MC10138. The signal level from the MC10138 is 
ECL and the output (74S86) is TTL, so the two levels 
must be interfaced. The interface circuit is a Signet- 
ics SD211 DMOS fet, which shifts the ECL level to 


table 1. Uhf input impedance. 

frequency magnitude phase 

(MHz) (ohms) (degrees) 

60 88.6 -16.3 

80 85.4 - 20.5 

100 80.7 -21.8 

200 58.7 - 20.4 

300 41.1 -13.3 

400 41.2 +14.0 

500 53.8 + 33.2 

600 91.7 + 29.3 


By Thomas Cefalo, Jr., WA1SPI, 29 Oak 
Street, Winchester, Massachusetts 01890 












SEE YOU AT DAYTON! 



fig. 4. Measured sensitivity of the high-frequency range. 


The advantage of high sensitivity is that a small 
loop soldered to a piece of coax can be used as a 
probe. This method of taking measurements won't 
load down a circuit. This prescaler is presently being 
used with the Intersil ICM 7028 counter chip. 


table 2. Vhf Input impedance. 


frequency 

(MHz) 

6 

10 

20 

30 

40 

50 

60 


magnitude 

(ohms) 

54 

54 

52 

51 

51 

52 
54 


(degrees) 

-2 

0 

0 


+ 8 
+ 10 


table 3. Hf input impedance. 


frequency 

(kHz) 

500 

600 

700 

800 

900 

1000 

2000 

3000 

4000 

5000 

6000 


magnitude 

(ohms) 

12,500 

11,000 

11,000 

10,000 

9.800 
9,000 

5.300 

3.800 
2,900 

2.300 

2,000 


phase 

(degrees) 

-30 

-34 

-38 

-42 

-46 

-50 


-74 

-76 

-78 
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COUNTER COMPLETE. HAL-« 


fE AVAILABLE. ACCURACY ±.001%. UTILIZES 10-MH* 


7-DIGIT COUNTER (SIMILAR TO 60 


AUTOMATIC DECIMAL POINT. ZERO SUPPRESSION UPON DEMAND. FEATURES T- 

PUTS: ONE FOR LOW FRE0UENCY INPUT. AN0 ONE ON PANEL FOR USE WITH ANY INTER¬ 
NALLY MOUNTED HALTR0NIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE. 1.0 SEC AND 1 SEC TIME GATES. ACCURACY ± 001% UTILIZES 10-MHz 
CRYSTAL 5 PPM COMPLETE KIT $109 

FREE: HAL- 79 CLOCK KIT PLUS AN INLINE RF PROBE WITH PURCHASE OF ANY FRE¬ 
QUENCY COUNTER. 

PRE SCALER KITS 

HAL 300 PRE.(Pre-drlllod 0-10 board and all components).$14.95 

HAL 300 A/PRE.(Same as above bul wllh preamp).$24.95 

HAL 600 PRE.(Pre-drllled G-10 board and all components).$29.95 

HAL 600 A/PRE.(Same as above but with preamp).$39.95 

HAL-1 GHz PRESCALER, vhf & uhf input & out 

PUT. 0IVI0ES BY 1000. OPERATES ON A SINGLE 5 VOLT SUPPLY 

PREBUILT ft TESTED $79.95 


2-7402. AND ALL ELECTRONIC COMPONENTS. BOARD ME 


?.^ Y a 2 *' 

PRICED AT \ 

FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND-HELD UNIT, THE PC BOARD 
MEASURES ONLY 9/16" X 1*3/4", THIS PARTIAL KIT WITH PC BOARD. CRYSTAL. CHIP 
AND COMPONENTS. PRICED AT $14.95 

ACCUKEYER^Kin ™'§.AC^ THE VERY POPULAR 


ER ORIGINALLY DESCRIBED BY JAMES GARRETT. IK 


FULLY ASSEMBLED AND TESTED $8.95 


ANO THE 1975 RADIO AMATEUR'S HANDBOOK. $16.95 

ACCUKEYER — MEMORY OPTION KIT PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4WF ACCUKEYER. WHILE DESIGNED FOR 
DIRECT ATTACHMENT fO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO ANY 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY . $16.95 

PRE-AMPLIFIER 

HAL-PA-19 WIDE BAND PRE AMPLIFIER, 2-200 
POINTS). 19 dB GAIN. 


ALARM OPERATION 


6-DIGIT CLOCK • 12/24 HOUR 

COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-ORILLEO PC BOARDS. I CLOCK CHIP. 6 
FND 359 READOUTS. 13 TRANSISTORS. 3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH¬ 
BUTTON SWITCHES. PCWER TRANSFORMER AND INSTRUCTIONS DON'T BE F00LE0 BY 
PARTIAL KITS WHERE YOU HAVE TO BUY EVERYTHING EXTRA. PRICED AT $12.95 
CLOCK CASE AVAILABLE ANO WILL FIT ANY ONE OF THE ABOVE CLOCKS REGULAR 


ATES ON 12-VOLT AC OR DC. AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD COM- 


SHIPPING INFORMATION - ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED, ON ORDERS LESS 
THAN $15.00 PLEASE INCLUDE ADDITIONAL f “ 

CHARGES SEND SASE FOR FREE FLYER 


R HANDLING AND MAILING 


I™*! 


n 


Hal-Tronix 

P.O.BOX 1101 
SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 
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Collins 

amateur radio equipment survey 


After much deliberation, and weighing the pros and 
cons, we've decided that the Collins 75S- series re¬ 
ceivers, the 32S- series transmitters, as well as the 
KWM-2 series of transceivers, are fair game for our 
owners' report column. 

The fact that many of these rigs have survived 
more than 20 years on the Amateur market is an indi¬ 
cation of their durability and design solidarity. Also, 
long considered to be the "Cadillac" of Amateur 
gear, they still command premium prices in the bar¬ 
gain sheets, classified advertising sections of maga¬ 
zines, and at flea markets. The later versions will be 
useful on the new bands coming out of WARC with a 
simple addition of crystals (earlier models will also 
cover the new WARC bands, but do not have suffi¬ 
cient bandswitch positions); the tuned circuits will 
accommodate any operating frequency between 3.4 
and 30 MHz. 

So, the expectation is that these rigs will be 
around for some time to come. Therefore our survey 
will be very useful to you who are shopping for a 
used rig — either to use as is, to modify, to use with 
converters, or as a back-up rig to supplement your 
other station gear. By reading these reports, you'll be 
able to find out what made them so popular, what 
the most troublesome areas were, how frequently 
these troubles occurred, what was done to fix them, 
and, in general, what many users had to say about 
the operation, reliability, service, and just plain fun of 
owning and using a Collins station. 

If you'll look at the first question on the form, 
you'll see something different from previous ones: 
It's all Collins. In going through the list of models to 
be considered, it turned out that there were several 
variations to take into account. Rather than try to 
separate the early from the late, and trying to out¬ 
guess the statistics on which would be the most pop¬ 


ular (or used in the greater number of hamshacks), 
we've listed the whole range. It's going to provide 
our bean-counters with an interesting problem in 
translating this into words, charts, and tables, but 
the results should prove very useful. 

For this reason, I'd like to ask that you report on a 
system. It is conceivable thcit some hams have 
owned, at one time or another, one of each model. If 
you are one who has, and want to report on more 
than one, that's great — just use a separate copy of 
the form for each one, please. 

Another way you can be helpful is if you will indi¬ 
cate which combination you are reporting on. If 
you've used (or are using) a 32S-1 transmitter with a 
75S3-B receiver, or any other combination, as a sys¬ 
tem, please indicate by circling each, one in Question 
1. You can even draw a line linking the two together 
if you like. 

Just remember, the more information we can 
extract from these reports, the better they will serve 
prospective buyers. If you had a 32S-1, but later up¬ 
graded to a 32S-3, for example, you should report 
each on a separate sheet — don't mix one rig's 
troubles/good features with those of another. 

Looking to the future, the number of new rigs in 
use, the FT901s, Omni-Ds, and the TR-7, is growing 
all the time, and soon there will be enough of them 
out there to represent a broad sample of opinion and 
experience. If you're interested in these, or if you are 
an owner, hang in there, you'll see the questionnaire 
for them soon. 

Now, all you Collins owners, go to the top of the 
next page and start telling it like it is. 


By Thomas McMullen, W1SL, Managing 
Editor, Ham Radio Horizons 
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FCC study guide 


Study Guide for Amateur Radio 
License Examinations 

We're very happy to present, on the following pages, 
the complete text of the FCC Study Guide for all 
classes of Amateur License. This is FCC Bulletin 
1035, dated January, 1980. You should use this 
material to find areas of study in each subject listed 
under the class of license you are trying for. 

* Note that the FCC lists two publications available 
from the Government Printing Office. Previously 
issued license-study manuals will still be helpful, but 
you'll have to do considerable interpreting to be sure 
that the subjects mentioned in this syllabus are thor¬ 
oughly covered in those books. 

As this goes to press, we've just learned of an elec¬ 
tronics textbook that has been specifically revised to 
include study material listed in this FCC bulletin. It is 
Electronic Communication, by Robert L. Shrader, 
published by McGraw-Hill Book Company. This book 
is one of the best all-around electronic texts we've 
seen, and the inclusion of new material for the Ama¬ 
teur licenses can only make it more useful. This new 
fourth edition should be available soon after you read 
this, so watch for advertisements or write to Ham 
Radio's Bookstore for availability and price. 

This Bulletin contains syllabi for the FCC Amateur 
radio examinations. 

Why Are Amateur Radio Operator Examinations 
Required? 

The examinations determine if you are qualified for 
the privileges conveyed by an Amateur radio license. 
Those privileges are many and diverse. As an Ama¬ 
teur radio operator, you will be allowed to build, re¬ 
pair, and modify your radio transmitters. You will be 
responsible for the technical quality of your station's 
transmissions. You will be allowed to communicate 
with Amateur radio operators in other countries 
around the world and, in some cases, send messages 
for friends. As you upgrade to the higher operator 
license classes, you will be allowed to communicate 
using not only telegraphy and voice, but also tele¬ 
printing, facsimile, and several forms of television. 
For such a flexible radio service to be practical, you 
and every other Amateur radio operator must thor¬ 
oughly understand your responsibilities and develop 
the skills needed to operate your Amateur radio sta¬ 
tion properly. 

What Subjects Do The Amateur Radio Examina¬ 
tions Cover? 


The examinations cover the rules, practices, proce¬ 
dures, and technical material that you will need to 
know in order to operate your Amateur radio station 
properly. Each examination element is composed of 
questions which will determine whether you have an 
adequate understanding of the topics listed in the 
corresponding syllabus. For example, all Element 3 
examination questions are derived from the Element 
3 syllabus, which appears later in this Bulletin. To 
properly prepare for an examination, you should be¬ 
come knowledgeable about all of the topics in the 
syllabus for the element you will be taking. Every 
examination covers nine general subjects: 

• Rules and Regulations • Operating Procedures 

• Electrical Principles • Antennas and Feedlines 

• Signals and Emissions • Radio Wave Propagation 

• Circuit Components • Amateur Radio Practice 

• Practical Circuits 

Periodically, the syllabi are updated to reflect 
changing technology and Amateur radio practices. 
Comments on the study guide contents are wel¬ 
come. Mail them to: 

Personal Radio Branch 

Federal Communications Commission 

Washington, D.C. 20554 

Where Can Study Manuals Be Obtained? 

A study manual can be helpful in preparing for an 
examination. Several publishers offer manuals or 
courses based upon the material in this Bulletin. 
These may be found in many public libraries and 
radio stores. The FCC does not offer such manuals, 
nor recommend any specific publisher. However, 
you will find two FCC publications. Part97 — Rules 
and. Regulations for the Amateur Radio Service and 
How to Identify and. Resolve Radio-TV Interference 
Problems, useful when preparing for the Amateur 
radio examinations. Copies are sold by the Superin¬ 
tendent! of Documents, U.S. Government Printing 
office, Washington, D.C. 20402. Specify stock 
number 004-000-00357-8 for Part 97 and stock num¬ 
ber 004-000-00345-4 for the Radio-TV interference 
booklet. 

STUDY TOPICS FOR THE NOVICE 
CLASS AMATEUR RADIO OPERATOR 
LICENSE EXAMINATION 

(Element 2 Syllabus) 

A. RULES AND REGULATIONS 
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Define: 

(1) Amateur radio service 97.3(a) 

(2) Amateur radio operator 97.3(c) 

(3) Amateur radio station 97.3(e) 

(4) Amateur radio communications 97.3(b) 

(5) Operator license 97.3(d) 

(6) Station license 97.3(d) 

(7) Control operator 97.3(o) 

(8) Third party traffic 97.3(v) 

Novice Class Operator Privileges: 

(9) Authorized frequency bands 97.7(e) 

(10) Authorized emission (A1) 97.7(e) 

Prohibited Practices: 

• (ID Unidentified communications97.123 

(12) Intentional interference 97.125 

(13) Falsesignals97.121 

(14) Communication for hire 97.112(a) 

Basis and Purpose of the Amateur Radio Service 
Rules and Regulations: 

(15) To recognize and enhance the value of the 
Amateur radio service to the public as a voluntary, 
non-commercial communication service, particularly 
with respect to providing emergency communica¬ 
tions. 97.1(a) 

(16) To continue and extend the Amateur radio oper¬ 
ators' proven ability to contribute to the advance¬ 
ment of the radio art. 97.1(b) 

(17) To encourage and improve the Amateur radio 
service by providing for advancing skills in both the 
communication and technical phases. 97.1(c) 

(18) To expand the existing reservoir within the 
Amateur radio service of trained operators, techni¬ 
cians, and electronics experts. 97.1 (d) 

(19) To continue and extend the radio Amateurs' 
unique ability to enhance international good will. 
97.1(e) 

Operating Rules: 

(20) U.S. Amateur radio station call signs 2.302 and 
FCC Public Notice 

(21) Permissible points of communications 
97.89(a)(1) 

(22) Station logbook, logging requirements 
97.103(a), (b); 97.105 

(23) Station identification 97.84(a) 

(24) Novice band transmitter power limitation 
97.67(b), (d) 

(25) Necessary procedure in response to an official 
notice of violation 97.137 

(26) Control operator requirements 97.79(a), (b) 

B. OPERATING PROCEDURES 

(1) R-S-T signal reporting system 

(2) Choice of telegraphy speed 

(3) Zero-beating received signal 


(4) Transmitter tune-up procedure 

(5) Use of common and internationally recognized 
telegraphy abbreviations, including: CQ, DE, K, SK, 
R, AR, 73, QRS, QRZ, QTH, QSL, QRM, QRN 

C. RADIO WAVE PROPAGATION 

(1) Sky wave; "skip" 

(2) Ground wave 

D. AMATEUR RADIO PRACTICE 

(1) Measures to prevent use of Amateur radio sta¬ 
tion equipment by unauthorized persons 

Safety Precautions: 

(2) Lightning protection for antenna system 

(3) Ground system 

(4) Antenna installation safety procedures 
Electromagnetic compatability — identify and 
suggest cure: 

(5) Overload of consumer electronic products by 
strong radio frequency fields 

(6) Interference to consumer electronic products 
caused by radiated harmonics 

Interpretation of S.W.R. readings as related to 
faults in antenna system: 

(7) Acceptable readings 

(8) Possible causes of unacceptable readings 

E. ELECTRICAL PRINCIPLES 

Concepts: 

(1) Voltage 

(2) Alternating current, direct current 

(3) Conductor, insulator 

(4) Open circuit, short circuit 

(5) Energy, power 

(6) Frequency, wavelength 

(7) Radio frequency 

(8) Audiofrequency 
Electrical Units: 

(9) Volt 

(10) Ampere 

(11) Watt 

(12) Hertz 

(13) Metric prefixes, mega, kilo, centi, milli, micro, 
pico 

F. CIRCUIT COMPONENTS 
Physical appearance, applications, and sche¬ 
matic symbols of: 

(1) Quartz crystals 

(2) Meters (D'Arsonval movement) 

(3) Vacuum tubes 

(4) Fuses 


G. PRACTICAL CIRCUITS 



Block Diagrams: 

(1) The stages in a simple telegraphy (A1) transmitter 

(2) The stages in a simple receiver capable of teleg¬ 
raphy (A1) reception 

(3) The functional layout of novice station equip¬ 
ment, including transmitter, receiver, antenna 
switching, antenna feedline, antenna, and telegraph 
key 

H. SIGNALS AND EMISSIONS 

(1) Emission type A1 
Cause and cure: 

(2) Backwave 

(3) Key clicks 
(41 Chirp 

(5) Superimposed hum 

(6) Undesirable harmonic emissions 

(7) Spurious emissions 

I. ANTENNAS AND FEEDLINES 
Necessary physical dimensions of these popular 
high frequency antennas for resonance on ama¬ 
teur radio frequencies: 

(1) A half-wave dipole 

(2) A quarter-wave vertical 

Common types of feedlines used at Amateur 
radio stations 

(3) Coaxial cable 

(4) Parallel conductor line 

STUDY TOPICS FOR THE 
TECHNICIAN/GENERAL CLASS 
AMATEUR RADIO OPERATOR 
LICENSE EXAMINATION 

(Element 3 Syllabus) 

A. RULES AND REGULATIONS 

(1) Control point 97.3(p) 

(2) Emergency communications 97.3(w); 97.107 

(3) Amateur radio transmitter power limitations 
97.67 

(4) Station identification requirements 97.84(b), (f), 
(g); 97.79(c) 

(5) Third party participation in Amateur radio com¬ 
munications 97.79(d) 

(6) Domestic and international third party traffic 
97.114; Appendix 2, Art. 41, Sec. 2 

(7) Permissible one-way transmissions 97.91 

(8) Frequency bands available to the technician class 
97.7(d) 

(9) Frequency bands available to the general class 
97.7(b) 

(10) Limitations on use of Amateur radio frequencies 
97.61 

(11) Selection and use of frequencies 97.63 

(12) Radio controlled model crafts and vehicles 


97.65(a); 97.99 

(13) Radioteleprinter emissions 97.69 
Prohibited practices: 

(14) Broadcasting 97.113 

(15) Music 97.115 

(16) Codes and ciphers 97.117 

(17) Obscenity, indecency, profanity 97.119 

B. OPERATING PROCEDURES 

(1) Radiotelephony 

(2) Radio teleprinting 

(3) Use of repeaters 

(4) Vox transmitter control 

(5) Full break-in telegraphy 

(6) Operating courtesy 

(7) Antenna orientation 

(8) International communication 

(9) Emergency preparedness drills 

C. RADIO WAVE PROPAGATION 

(1) Ionospheric layers; D, E, FI, F2 

(2) Absorption 

(3) Maximum usable frequency 

(4) Regular daily variations 

(5) Sudden ionospheric disturbance 

(6) Scatter 

(7) Sunspot cycle 

(8) Line-of-sight 

(9) Ducting, tropospheric bending 

D. AMATEUR RADIO PRACTICE 
Safety precautions: 

(1) Household ac supply and electrical wiring safety 

(2) Dangerous voltages in equipment made inacces¬ 
sible to accidental contact 

Transmitter performance: 

(3) Two tone test 

(4) Neutralizing final amplifier 

(5) Power measurement 
Use of test equipment: 

(6) Oscilloscope 

(7) Multimeter 

(8) Signal generators 

(9) Signal tracer 

Electromagnetic compatibility; identify and sug¬ 
gest cure: 

(10) Disturbance in consumer electronic products 
caused by audio rectification 

Proper use of the following station components 
and accessories: 

(11) Reflectometer (VSWR meter) 

(12) Speech processor — RF and AF 

(13) Electronic T-R switch 

(14) Antenna tuning unit; matching network 
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(15) Monitoring oscilloscope 

(16) Non-radiating load; "dummy antenna" 

(17) Field strength meter; S-meter 

(18) Wattmeter 

E. ELECTRICAL PRINCIPLES 

Concepts: 

(1) Impedance (4) Inductance 

(2) Resistance (5) Capacitance 

(3) Reactance (6) Impedance matching 
Electrical units: 

(7) Ohm 

(8) Microfarad, picofarad 

(9) Henry, millihenry, microhenry 
.(10) Decibel 

Mathematical relationships: 

(11) Ohm's law 

(12) Current and voltage dividers 

(13) Electrical power calculations 

(14) Series and parallel combinations; of resistors, of 
capacitors, of inductors 

(15) Turns ratio; voltage, current, and impedance 
transformation 

(16) Root mean square value of a sine wave alter¬ 
nating current 

F. CIRCUIT COMPONENTS 
Physical appearance, types, characteristics, 
applications, and schematic symbols for: 

(1) Resistors 

(2) Capacitors 

(3) Inductors 

(4) Transformers 

(5) Power supply type diode rectifiers 

G. PRACTICAL CIRCUITS 

(1) Power supplies 

(2) High-pass, low-pass, and band-pass filters 

(3) Block diagrams showing the stages in complete 
am, ssb, and fm transmitters and receivers 

H. SIGNALS AND EMISSIONS 

(1) Emission types A0, A3, FI, F2, F3 

(2) Signal; information 

(3) Amplitude modulation 

(4) Double sideband 

(5) Single sideband 

(6) Frequency modulation 

(7) Phase modulation 

(8) Carrier 

(9) Sidebands 

(10) Bandwidth 

(11) Envelope 

(12) Deviation 

(13) Overmodulation 

(14) Splatter 


(15) Frequency translation; mixing, multiplication 

(16) Radioteleprinting; audio frequency shift keying, 
mark, space, shift 

I. ANTENNAS AND FEEDLINES 
Popular Amateur radio antennas and their char¬ 
acteristics: 

(1) Yagi antenna 

(2) Quad antenna 

(3) Physical dimensions 

(4) Vertical and horizontal polarization 

(5) Feedpoint impedance of half-wave dipole, 
quarter wave vertical 

(6) Radiation patterns; directivity, major lobes 
Characteristics of popular Amateur radio anten¬ 
na feedlines; related concepts: 

(7) Characteristic impedance 

(8) Standing waves 

(9) Standing wave ratio; significance of 

(10) Balanced, unbalanced 

(11) Attenuation 

(12) Antenna-feedline mismatch 

STUDY TOPICS FOR THE ADVANCED 
CLASS AMATEUR RADIO OPERATOR 
LICENSE EXAMINATION 

(Element 4A Syllabus) 

A. RULES AND REGULATIONS 

(1) Frequency bands available to the advanced class 
Amateur radio operator and limitations on use 
97.7(a); 97.61 

(2) Automatic retransmission of Amateur radio sig¬ 
nals and signals from other radio services 97.3(x); 
97.113; 97.126 

(3) Amateur radio stations in repeater operation 
97.3(1); 97.85; 97.61(c) 

(4) Amateur radio stations in auxiliary operation 
97.3(1); 97.86; 97.61(d) 

(5) Remote control of Amateur radio stations 
97.3(m)(2); 97.88 

(6) Automatic control of Amateur radio stations 
97.3(m)(3) 

(7) Control link 97.3(n) 

(8) System network diagram 97.3(u) 

(9) Station identification 97.84(c), (d), (e) 

(10) Station log requirements 97.103(c), (d), (e), 

(f), (g) 

(11) Height limitations for Amateur radio station an¬ 
tenna structures, including FAA notification criteria, 
and calculation of height above average terrain 
97.45; 97.67(c); Appendix 5 

B. OPERATING PROCEDURES 

(1) Facsimile transmission 

(2) Slow-scan television transmission 
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C. RADIO WAVE PROPAGATION 

(1) Sporadic-E (3) Auroral propagation 

(2) Selective fading (4) Radio-path horizon 

D. AMATEUR RADIO PRACTICE 
Use of test equipment: 

(1) Frequency measurement devices 

(2) Grid-dip meter; solid state dip meter 

(3) Performance limitations of oscilloscopes, meters, 
frequency counters; accuracy, frequency response, 
stability 

Electromagnetic compatibility: 

(4) Intermodulation interference 

(5) Receiver desensitizing 

(6) > Cross modulation interference 

(7) Capture effect 

E. ELECTRICAL PRINCIPLES 
Concepts: 

(1) Reactive power 

(2) Series and parallel resonance 

(3) Skin effect 

(4) Fields, energy storage, electrostatic, electromag¬ 
netic 

Mathematical relationships: 

(5) Resonant frequency, bandwidth, and "Q" of R- 
L-C circuits, given component values 

(6) Phase angle between voltage and current, given 
resistance and reactance 

(7) Power factor, given phase angle 

(8) Effective radiated power, given system gains and 
losses 

(9) Replacement of voltage source and resistive volt¬ 
age divider with equivalent circuit consisting of a 
voltage source and one resistor (an application of 
Thevenin's theorem, used to predict the current sup¬ 
plied by a voltage divider to a known load) 

F CIRCUIT COMPONENTS 
Physical appearance, types, characteristics, 
applications, and schematic symbols for the fol¬ 
lowing: 

(1) Diodes; zener, tunnel, varactor, hot-carrier, junc¬ 
tion, point contact, pin 

(2) Transistors; NPN, PNP, junction, unijunction, 
power, germanium, silicon 

(3) Silicon controlled rectifier, triac 

(4) Light emitting diode, neon lamp 

(5) Crystal lattice ssb filters 

G. PRACTICAL CIRCUITS 

(1) Voltage regulator circuits; discrete and inte¬ 
grated 

(2) Amplifiers; Class A, AB, B, C; characteristics of 
each type 


(3) Impedance matching networks; PI, L, Pl-L 

(4) Filters; constant K, M-derived, band-stop, notch, 
modern-network-theory, pi-section, T-section, L- 
section (not necessary to memorize design equa¬ 
tions; know general description, characteristics, 
responses, and applications of these filters) 

(5) Oscillators; various types and their applications; 
stability 

Transmitter and receiver circuits — know pur¬ 
pose of each, and how, basically, each func¬ 
tions: 

(6) Modulators; am, fm, balanced 

(7) Transmitter final amplifiers 

(8) Detectors, mixer stages 

(9) RF and IF amplifier stages 

Calculation of voltages, currents, and power in 
common Amateur radio oriented circuits: 

(10) Common emitter class A transistor amplifier; 
bias network, signal gain, input and output impe¬ 
dances 

(11) Common collector class A transistor amplifier; 
bias network, signal gain, input and output impe¬ 
dances 

Circuit design; selection of circuit component 
values: 

(12) Voltage regulator with pass transistor and zener 
diode to produce given output voltage 

(13) Select coil and capacitor to resonate at given 
frequency 

H. SIGNALS AND EMISSIONS 

(1) Emission types A4, A5, F4, F5 

(2) Modulation methods 

(3) Deviation ratio 

(4) Modulation index 

(5) Electromagnetic radiation 

(6) Wave polarization 

(7) Sine, square, sawtooth waveforms 

(8) Root mean square value 

(9) Peak envelope power relative to average 

(10) Signal to noise ratio 

I. ANTENNAS AND FEEDLINES 

(1) Antenna gain; beamwidth 

(2) Trap antennas 

(3) Parasitic elements 

(4) Radiation resistance 

(5) Driven elements 

(6) Efficiency of antenna 

(7) Folded, multiple wire dipoles 

(8) Velocity factor 

(9) Electrical length of a feedline 

(10) Voltage and current nodes 

(11) Mobile antennas 

(12) Loading coil; base, center, top 
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STUDY TOPICS FOR THE AMATEUR 
EXTRA CLASS AMATEUR RADIO 
OPERATOR LICENSE EXAMINATION 

(Element 4B Syllabus) 

A. RULES AND REGULATIONS 

(1) Frequency bands available to the U.S. Amateur 
radio operator and limitations on their use including 
variations for regions 1 and 3 97.61; 97.95 

(2) Space Amateur radio stations 97.3(i) 

(3) Purity of emissions 97.73 

(4) Mobile operation aboard ships or aircraft 97.101 

(5) Races operation Part 97, Subpart F 

(6) Points of communications 97.89 

. B. OPERATING PROCEDURES 

(1) Use of Amateur radio satellite 

(2) Amateur fast-scan television 

C. RADIO WAVE PROPAGATION 

(1) EME; "moonbounce" 

(2) Meteor burst 

(3) Trans-equatorial 

D. AMATEUR RADIO PRACTICE 

Use of test equipment: 

(1) Spectrum analyzer; interpret display; display of 
transmitter output spectrum, such as commonly 
found in new product review articles in Amateur 
radio magazines 

(2) Logic probe; indication of high or low state, 
pulsing state 

Electromagnetic compatibility: 

(3) Vehicle noise suppression; ignition noise, alter¬ 
nator whine, static 

(4) Direction finding techniques; methods for loca¬ 
tion of source of radio signals 

E. ELECTRICAL PRINCIPLES 

Concepts: 

(1) Photoconductive effect 

(2) Exponential charge/discharge 
Mathematical relationships; calculations: 

(3) Time constant for R-C and R-L circuits (including 
circuits with more than one resistor, capacitor or in¬ 
ductor) 

(4) Impedance diagrams; basic principles of Smith 
chart 

(5) Impedance of R-L-C networks at a specified fre¬ 
quency 

(6) Algebraic operations using complex numbers; 
real, imaginary, magnitude, angle 

F. CIRCUIT COMPONENTS 
Physical appearance, types, characteristics. 


applications, and schematic symbols for: 

(1) Field effect transistors; enhancement, depletion, 
MOS, CMOS, N-channel, P-channel 

(2) Operational amplifier and phase-locked loop inte¬ 
grated circuits 

(3) 7400 series TTL digital integrated circuits 

(4) 4000 series CMOS digital integrated circuits 

(5) Vidicon; cathode ray tube 

G. PRACTICAL CIRCUITS 

(1) Digital logic circuits; flip-flop, multivibrator, 
and/or/nand/nor/gates 

(2) Digital frequency divider circuits; crystal marker, 
counters 

(3) Active audio filters using integrated operational 
amplifiers 

High performance receiver characteristics 

(4) Noise figure, sensitivity 

(5) Selectivity 

(6) Dynamic range 

Calculation of voltages, currents, and power in 
common amateur radio oriented circuits: 

(7) Integrated operational amplifier; voltage gain, 
frequency response 

(8) F.E.T. common source amplifier; input impe¬ 
dance 

Circuit design; selection of circuit component 
values: 

(9) L-C preselector with fixed and variable capacitors 
to tune a given frequency range 

(10) Single stage amplifier to have desired frequency 
response by proper selection of bypass and coupling 
capacitors 

H. SIGNALS AND EMISSIONS 

(1) Pulse modulation; position, width 

(2) Digital signals 

(3) Narrow band voice modulation 

(4) Information rate vs. bandwidth 

(5) Peak amplitude of a signal 

(6) Peak-to-peak values of a signal 

I. ANTENNAS AND FEEDLINES 

(1) Antennas for space radio communications; gain, 
beamwidth, tracking 

(2) Isotropic radiator; use as a standard of compar- 

(3) Phased vertical antennas; resultant patterns, 
spacing in wavelengths 

(4) Rhombic antennas; advantages, disadvantages 

(5) Matching antenna to feedline; delta, gamma, 
stub 

(6) Properties of 1/8, 1/4, 3/8, and 1/2 wavelength 
sections of feedlines; shorted, open 

ham radio 


april 1980 fll 63 




counter control pulses 

In a counter, the necessary control 
pulses can be generated from the 
crystal-controlled clock train without 
much additional circuitry. The most 
difficult problem is to find a suitable 
time into which the strobe and reset 


pulses can be inserted after the count 
enable pulse. 

By inverting the 2-Hz output from 
the divide-by-five section, the divide- 
by-two section of the 7490 is trig¬ 
gered 0.1 second earlier, thus creat¬ 
ing a 0.1 second blanking pulse by 
the difference in time 
between the negative 
and positive edges of 
the 2-Hz pulse. The 
7421 quad-AND gate, 
shown in fig. 1, is 
wired to combine the 
appropriate pulses for 
the 50 ms strobe and 
reset pulses, after the 
1.0 second count 
enable pulse and in 
the alternate second 
of the counting se¬ 
quence. The frequen¬ 
cies shown are for a 
one-second count, 
one-second strobe 
and reset, but the 
principle can be used 
for most counting se¬ 
quences. 



fig. 1. Schematic and timing diagram that shows the gener¬ 
ation of the strobe and reset pulses. R. S. Naslund, W9LL 


dc-dc converter 
increases Gunnplexer 
frequency swing 

Microwave Associates' Gunnplex- 
ers are easily tuned if a varying dc 
voltage of 5-20 volts is applied to the 
varactor tuning diode. Field operation 
from a 12-volt battery limits tuning 
range somewhat. The circuit in fig. 2 
allows maximum use of the tuning 
varactor. 



critical; values from 0.47 to 1*iF were suc¬ 
cessfully tested. CR1-CR3 are 1N4148 di¬ 
odes or equivalent. 

U1 generates a high-frequency ac 
voltage, which is rectified by a volt¬ 
age-tripling circuit composed of 
C1-C3 and CR1-CR3. Output voltage 
is approximately 25 volts. 

Jim Kearman, W1XZ 
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noise figure 
relationships 

In my radio class the question of 
noise figure and its relationship to 
noise temperature and sensitivity 
comes up time after time. Confront¬ 
ing the Amateur are terms such as: 

1. Noise figure of a receiver in dB. 

2. Receiver sensitivity in microvolts to 
produce a given signal-plus-to-noise 
ratio (usually 10 dB). 

3. The dBm at different bandwidths 
IB kHz). 

4. The equivalent noise temperature 
(T e in degrees Kelvin). 


example: NF = 21 dB 
B = 2 MHz 
R = 50 ohms 


1021 x 4 x 50 x 2000 „ „ 

- W -= 

4. The equivalent noise temperature, 
T e , is more convenient to use with 
receivers having a very low NF. 

T e = (F- 1) 290 K 
NF 

F = 10 10 , whereNFis in dB 

(4) 

example: 

NF = 1.95 dB or 
F = 100 195 = 2.557 


Without going into their theory or 
derivation, the following formulas 
provide a convenient way to deter¬ 
mine the relationship between these 
terms. 

1. The input noise power at a stan¬ 
dard temperature of T 0 = 290 K and 
a bandwidth of 1 kHz is 4xl0~i 8 
watt. 


2. NF = 10log e ^g 6 (1) 

where e=/iV to produce the desired 
S&N .. 


R = input resistance 
B = bandwidth in kHz 


T e = (100 195-1)290 = 164.4K 

5. Given the T e of a receiver, NF may 
be determined as follows: 


NF = 10 log . 9 

example: T e = 190 K 

T 0 = 290 K standard 


6. At T 0 = 290 K, the noise power 
in dBm (dB below 1 milliwatt) is 

dBm = 10 log jff1 2i = 174 dBm 

( 6 ) 


example: e = 0.31iV 
R = 50 ohms 
B = 2.7 kHz 


NF = 


10 log 


(0.3)2 x 106 
4x50x2.7 


= 22 dB 

( 2 ) 


3. Given the NF in dB, B in kHz and 
the input resistance, R, the p,V sensi¬ 
tivity can be determined by 



4RB 


M V 


(3) 


ataB ofl Hz 

To determine dBm at the desired 
bandwidth, B, in kHz 

dBm = 144— 10 log B 
(7) 

example: B - 3 kHz 

dBm = 144-10 log 3 
= 144-4.77 
= 139.2 dBm 
I.L. McNally, K6WX 
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products 


ground station 
satellite receiver 



A new satellite receiver, covering 
3.7-4 GHz, is available from Interna¬ 
tional Crystal Mfg. Co., Inc. 

The TV 4200 receiver is fully 
tunable and provides standard dual 
audio outputs of 6.2 and 6.8 MHz, 
with other outputs available. The 
receiver has a built-in LNA power sup¬ 
ply and output levels are compatible 
with video monitor or VTR input. It's 
priced at $1,995. 

For more information, write Inter¬ 
national Crystal Mfg. Co., Inc., 10 
North Lee, Oklahoma City, Oklahoma 
73102. 

Bird rf power analyzer 

A new era in rf power measure¬ 
ment was announced by THRULINE® 
Wattmeter designer, Bird Electronic 
Corp., with the introduction of the 
new series 4380 RF Power AnalystTM. 
First of the series, the portable model 
4381 is a multi-purpose, digital, direc¬ 
tional rf wattmeter for power levels 
from 1/10 watt to 10,000 watts, and 
from ’/a to 2300 MHz. CW or fm pow¬ 
er in both forward or reflected direc¬ 
tions is displayed in watts or dBm at 
the push of a button. VSWR is 
calculated continuously, and indi¬ 
cated through a fifth button, as is 


dB return loss. Button seven and 
eight are for peak envelope power (as 
in SSB transmissions) in watts, and 
the ninth button calls up per cent 
modulation. The final set of three 
buttons make tuning a transmitter, 
matching an antenna or tweaking rf 
components a fast and simple task. A 
delta (A) function identifies either rise 
or fall in displayed values, while a 
minimum or maximum memory re¬ 
calls optimum conditions during ad¬ 
justments. Other models in the 4380 
series measure to 250 kW, or are 
panel mounted. 

This new generation of rf watt¬ 
meters with nine-mode system ver¬ 
satility was designed around existing 
Bird Plug-in Elements, which deter¬ 
mine full-scale power and frequency 
range. Once a set of two elements is 
chosen (for incident and reflected 
power), the large LED display correct¬ 
ly places the decimal point, making 
mental notes of multipliers unnec¬ 
essary. Overranging of up to 120 per 
cent in watts, and 400 per cent in 
dBm, often obviates changing to a 
higher-power element, and retains 
"up-scale" accuracy. 

The RF Power AnalystTM j s the first 
uniquely different directional rf watt¬ 
meter system for gauging and analyz¬ 
ing rf power since the Bird THRU- 
LINE® model 43 was designed 25 
years ago. It calculates parameter 
products that formerly required con¬ 
sulting a graph or chart, reveals 
whether an undesirable hum is pres¬ 
ent and — if so - how much, and 
permits minimum/maximum power 
searches even with closed eyes. 
Accuracy of model 4381 is ±5 per 
cent of nominal full scale and VSWR 
is a low 1.05 max to 1 GHz in 50-ohm 
systems. 

Price of Model 4381 RF Power 
Analyst is $590. Delivery is 90 days 
after receipt of order, from Bird Elec¬ 
tronic Corporation, 30303 Aurora 
Road, Cleveland (Solon), Ohio 44139. 


mobile rapid charger 



DebTed Engineering introduces a 
line of 12-volt operated rapid chargers 
for Amateur and commercial use, 
available exclusively through Debco 
Electronics. The rapid chargers come 
with a cigarette lighter plug on the in¬ 
put side and the appropriate charging 
plug on the output side. Models are 
currently available for the Tempo SI, 
Wilson Mark II, and Wilson Mark IV 
with direct plug-in capabilities. Units 
are also available for other trans¬ 
ceivers. 

A fully discharged battery can be 
recharged in 4-6 hours and the unit 
can be used during transmit, receive, 
and off periods. It will not damage 
batteries if left connected for pro¬ 
longed periods of time, due to auto¬ 
matic shut-off circuitry. Cord lengths 
will allow convenient use of radio 
while charging. Further applications 
include rapid charging from 12-volt 
power supplies in motor homes and 
during emergencies. 

Price of the rapid charger is $29.95. 
For more information, write Debco 
Electronics, P.O. Box 9169, Cincin¬ 
nati, Ohio 45209. 

Hamtronics 1980 
catalog 

Hamtronics, Inc., has announced a 
new 1980 catalog, which is yours for 
the asking. The 24-page catalog 
features many types of kits for the 
Radio Amateur or two-way shop. Ex¬ 
citing new products in the catalog in- 
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elude a 435-MHz transmitting con¬ 
verter, a new uhf-fm receiver, an 
a-m receiver for aircraft and DX warn¬ 
ing, a weather-tone-alert receiver 
module, a new low-noise vhf con¬ 
verter, and several new linear power 
amplifiers for vhf and uhf. These new 
products follow in the tradition of 
other fine Hamtronics kits, including 
their famous vhf and uhf converters 
and preamps, and fm transmitters 
and receivers. 

For your free copy of this in¬ 
formative catalog, call (716) 392-9430 
or write Hamtronics, Inc., 65F Maul 
Road, Hilton, New York 14468. (For 
overseas airmail delivery, please send 
four IRCs.) 

Amateur Radio 
computer packages 
from Snow Micro 
Systems, Inc. 

Snow Micro Systems, Inc., pro¬ 
vides low-cost hardware and soft¬ 
ware for the personal-computer user. 
The diversified line of hardware is 
designed for club or group construc¬ 
tion projects, such as the AMSAT- 
GOLEM-80 Project. Our expanding 
line of software is designed and 
priced for the low-budget, personal- 
computer user. 

Our bare boards are sold with sche¬ 
matics, layout drawings, and com¬ 
ponent lists only, so that schools. 
Amateur Radio or computer clubs, 
and other technically competent in¬ 
dividuals can save money by assem¬ 
bling the boards themselves. Snow 
Micro Systems, Inc., warrants that 
the PC boards are free from physical 
defects and circuit errors. 

All assembled and tested boards 
are covered by a standard 90-day 
warranty. 

The AMSAT Telemetry-Range Card 
(TM .01) contains a bi-directional 
synchronous/asynchronous serial 
port (8251 A), at 400 bauds AMSAT 


Phase III serial TT&C standard. Other 
rates are available using software- 
settable counter-timer (8253), audible 
tone output circuit for bell or CW 
monitor. Vector Interrupt circuitry 
(8214/8212), and two programmable 
8-bit i/o ports (8255). 

It is S-100 bus interfaced, using 
standard IC's (8095, 8216 and 8131). 
Operation of the card is controlled by 
an 82S23 PROM and jumpers. 

This is the S-100 card for reception 
of the AMSAT Phase III spacecraft 
telemetry, and for Synchronous 
Communications. Note that addition¬ 
al external demodulator circuitry will 
be required to interface this card to a 
145-MHz Amateur Radio receiver for 
AMSAT Phase III satellite reception. 

This card is suitable for interfacing 
most synchronous and packet-data 
formats to the S-100 bus, provided 
that any necessary software drivers 
and modem circuits are part of the 
system. 

Delivery of TM .01 (assembled ver¬ 
sion), configured for AMSAT Phase 
III, will be approximately March- 
June, 1980, to ensure compatability 
with the spacecraft. 

The Amateur Radio Logging Pack¬ 
age (Ham .001) contains commands 
to allow logs to be created, ex¬ 
amined, edited, and printed. The 
contents of the logs can be examined 
by prefix (G, G3, G3Z, G3ZC, and 
G3ZCZ are all valid prefixes) or by 
dates, or between dates. Output can 
be routed to any of the seven devices 
supported by NORTHSTAR. QSL 
cards can be printed on label stock, 
based on log entry information. A 
separate WAS set of commands 
allows WAS records to be kept for 
single-multiple band or modes. (Com¬ 
mands are written in NORTHSTAR 
Basic.) 

The Amateur Radio Contest Pack¬ 
age (Ham .002) contains contest pro¬ 
grams for the ARRL Sweepstakes as 
well as a general contest program. 


The calls of stations worked (check 
list) are saved in memory, while the 
log entries are written to the disk in 
the same format as the log data files 
in the LOG package. (Commands are 
written in NORTHSTAR Basic.) 

For more information, write Snow 
Micro Systems, Inc., P.O. Box 1704, 
Silver Spring, Maryland 20902. 

keyer add-on provides 
practice and memory 

An add-on accessory provides both 
random code practice and message 
storage for the Curtis Electro Devices 
EK-480 series keyers. Called the 
IM-480, this device will automatically 
send Morse code in random groups, 
at speeds from 6 to 50 WPM. It allows 
variable extra spacing between letters 
and groups to allow slow-speed copy 
with letters being formed at higher 
speed. This feature enhances learn¬ 
ing in the 6 to 10 WPM range. A meter 
display of code speed allows accurate 
setting. 

The IM-480 also includes a mes¬ 
sage-memory function, storing four 
messages of approximately 32 char¬ 
acters each, with an automatic repeat 
function. The messages are program¬ 
mable from the paddle key. 

The IM-480 is the same size as the 
EK-480 - 18 x 11 x 6cm(7x4'/ 2 
x 2% inches), and the two units 
connect via a short length of ribbon 
cable and plug. Use of the Curtis 8046 
and 8047 LSI ICs allows the compact 
packaging. The IM-480 is priced at 
$179.95. 

A code-practice-function-only 
model, called the 1-480 (Instructo- 
Mate) is available at $124.95. Similar¬ 
ly, the M-480 (Message-Mate) con¬ 
taining only the message storage 
function, is available at $124.95. 

For further information, contact 
Curtis Electro Devices, Inc., Box 
4090, Mountain View, California 
94040. 
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to Ft. Aluminum. 


HIGHEST QUALITY 
ALUMINUM 
& STEEL J 


★TELESCOPING (CRANK UP) 

★ GUYED (stack-up) 

★ TILT-OVER MODELS 
Easy 1o Install. Low Prices. 

Crank-ups to 100 tt. 



TOUCH-TONE® MICROPHONE 
DATA CODER 5 



S3900 

JUST LOOK AT THESE FEATURES: 

• Tough "Mobile Environment" 
Microphone 

• Positive-Action Tactile Keys 

• High-Impedance Ceramic or 500-ohm 
Dynamic Cartridge 

• Adjustable Tone Balance and Output 

• "Positive Hold - Easy Lift" Hanger 

• For Vehicle or Hand-held Portable 

• Complete ,.. Not a Kit... S39.00 


DATA SIGNAL, INC. 

2403 COMMERCE LANE 
ALBANY, GEORGIA 31707 
Tel. 812-883-4703 J 
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uhf glass-mounted 
antennas 

As part of their technically ad¬ 
vanced "on-glass" design series, 
Avanti Research and Development, 
Inc., of Addison, Illinois, is now offer¬ 
ing Amateur Radio operators a new 
5-dB gain, superior-performance uhf 
mobile antenna. 

Called the AH450.5G, it's a %- 
meter, 440-450 MHz (tunable 406-512 
MHz) antenna that features an ex¬ 
clusive, dual-phased design, and is 
especially sensitive in fringe areas. It 
also has the ability to reach distant 
repeaters, and has a more uniform 
pattern than a ground plane. 

Avanti’s unique on-glass design 
eliminates the need for external elec¬ 
trical connections — thus preventing 
coax cable deterioration caused by 
corrosion and water seepage. 

A patented "High-Q" impedance 
coupling unit, with built-in Ritter 
noise reduction system, mounts in¬ 
side the vehicle to insure maximum 
performance throughout the 440-450 
MHz band. Because the antenna 
transmits and receives through glass, 
there are no holes to drill and no car 
patching at resale time. 

AH450.5G also features an ex¬ 
clusive Horizontal Phasing Loop 
which links two separate antenna 
systems, creating a lower, more ef¬ 
fective take-off angle and higher 
gain. 

The sleek antenna mount is secure¬ 
ly locked to the window by a new 
aerospace adhesive that has greater 
strength than a %-inch bolt. The 
whip is easily removed for storage, 
car wash, or theft protection, and 
guaranteed to hold securely under 
even abnormal weather conditions 
and extreme vibrations. 

In addition to the AH450.5G, Avan¬ 
ti also makes 3-dB gain, on-glass 
antennas for Amateur Radio opera¬ 
tors in 144-174 MHz and 220-225 MHz 
models, plus trunk-mounted mobile 
antennas for 144-148 MHz and 
440-450 MHz. Especially for Ama¬ 
teurs, Avanti also offers a 10-meter 


dual-polarity beam (AH-028.9B), 
which is the original polarity diversity 
loop antenna. 

For more information, contact 
Avanti Research and Development, 
Inc., 340 Stewart Avenue, Addison, 
Illinois 60101. 


MFJ hybrid phone 
patches 



The MFJ-624 Telepatch II hybrid 
phone patch delivers clean, hum-free 
audio. It features a VU meter for 
monitoring the telephone line level to 
prevent crosstalk between telephone 
channels, and a null control allows 
adjustment of the null depth for max¬ 
imum isolation between receiver and 
transmitter. 

The MFJ-624 has separate trans¬ 
mitter and receiver gain controls that 
eliminates readjusting the rig's con¬ 
trols after patching. All controls for 
the patch are on the front panel: re¬ 
ceiver gain; on, off, null switch; null 
adjustment, and transmitter gain. 

The connections to the Telepatch II 
are four phono connectors between 
receiver and speaker, and transmitter 
and microphone, and a two-screw 
terminal strip for connection to the 
phone lines. Simple patch-in/patch- 
out connection can be made to rigs 
with phone patch input and output 
connectors. 

The cabinet is eggshell white with 
walnut sides and measures 8 x 2 x 6 
inches. The Telepatch II costs $59.95. 

The MFG-620 Telepatch is a less 
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Seven* new 
finger talkers 


expensive version of the MFJ-624. It 
is the same unit minus the meter. 
This phone patch is available for 
$49.95. 

For more information, contact MFJ 
Enterprises, Inc., P.O. Box 494, 
Mississippi State, Mississippi 39762. 

new 1980 Radio Shack 
catalog 

Radio Shack's new 176-page 1980 
catalog is now available free on re¬ 
quest from more than 6,000 partici¬ 
pating stores and dealers na tionwide. 
The catalog has 120 full-color pages 
and features the latest in everything 
electronic — from computers and 
stereo components to toys, parts, 
and accessories for home entertain¬ 
ment, hobbyists, and experimenters. 

Among the products being offered 
for the first time are an a-m/fm stereo 
receiver with microprocessor control 
and digital readout, a 7-inch open- 
reel tape deck with full logic control, 
and a cordless extension telephone 
for only $219.95. 

Radio Shack has also expanded 
their line of telephone products and 
security devices, and is offering a 
complete selection of radio-con¬ 
trolled vehicles. 

The new catalog includes the com¬ 
pany's world-famous TRS-80 micro¬ 
computer system, the new Model II 
business microcomputer, and the 
complete line of Realistic stereo com¬ 
ponents, CB equipment, radios, tape 
recorders, Archer antennas, Micronta 
test instruments, and ArcherKit and 
Science Fair hobby kits. 

In addition, Radio Shack's catalog 
lists an extensive selection of special¬ 
ized electronics items, tools, tubes, 
transistors, ICs, parts, plugs, cables, 
and more. 

test encoder 

The new Communications Special¬ 
ists TE-64 Test Encoder will provide a 
total of sixty-four audible and sub- 
audible tone frequencies for test pur¬ 
poses. Measuring 5.25 by 3.3 by 1.7 
inches, it is ideal for shop or service 


truck use. With the addition of a 9- 
volt transistor radio battery, it can be 
made completely self-contained. 
Mounting brackets are included for 
permanent installation. 

Frequencies available include all 
thirty-two standard EIA sub-audible, 
and nineteen burst-tone frequencies 
beginning with 1600 Hz and in¬ 
creasing in 50-Hz increments to 2550 
Hz, eight touch-tone frequencies and 
five test frequencies including 700, 
1000,1500, 2175, and 2805 Hz. 

This unit provides a low-impe¬ 
dance, low-distortion adjustable sine 
wave output at 5 volts p-p, and may 
be operated from any external dc 
voltage from 6 to 30 volts. Although 
primarily designed for test purposes, 
this unit may be permanently installed 
for mobile use as a universal encoder. 

The output level is flat to within 
+ 1.5 dB over the entire range se¬ 
lected and separate level adjustment 
controls and output connections are 
provided for each tone group. There 
is an OFF position for no tone output. 

No counter or other test equipment 
is required to set frequencies. A cali¬ 
brated dial on the front panel allows 
selection of the desired frequency. 

The TE-64 is totally immune to rf 
and has built-in polarity protection. 
External connections are made to an 
internal terminal block. 

A full one-year warranty is pro¬ 
vided for factory repair. Price of the 
TE-64 is $79.95, wired, tested, and 
with complete instructions. 

For more information, write Com¬ 
munications Specialists, 426 West 
Taft Avenue, Orange, California 
92667. 

Anteck MT-1 mobile 
antenna 

The MT-1 is a manually tuned an¬ 
tenna which covers 3.5 to 30 MHz. It 
is center loaded on all frequencies ex¬ 
cept 10 meters, where it works like a 
half-wave vertical. 

The MT-1 is constructed of a fiber¬ 
glass loading coil wound with No. 20 
AWG {0.8-mm) wire and conformed 



from CURTIS 

* EK480: C MOS Deluxe Keyer . J134.95 

* EK-480M: Above plus speedmsler. 149.95 

* I-4B0: InelructoMate . 124.95 

* M 480: MemoryMsIe . 124.95 

* IM-480: Inetruclo MemoryMale . 179.95 

* K8-4B0: Morse KayboerdMala . 199.95 

* KB 4800; Moree Keyboard . 349.95 

8044: Keyer-On-A-Clilp iRopiocu B0431 . 14.95 

Apr 70 HR. Fab 70 031. Radio Hdbk 70. ARM. Hdbk 7M9 

8044- 3:1C. PCB. Socket Manual . 24.95 

80444; Seml-KII . 54.95 

8045: Moree Keyboard-On-A-Chlp 1C . 5995 

8045- 1:1C. PCB. FIFO. Sockets. Manual . 89.95 

8045-2: Seml-KIt . 159.95 

8046: Inatruclokeyer-On-A-Chlp 1C . 49.95 

8048-1: Seml-KIt . 79.95 

8047: Menage Memory-On-A-Chlp 1C . 3995 

8047-1:1C. PCB. RAM. Sockelt. Manuel . 89.95 
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BencHeR.inc. 


Full range ol adjustment In 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 

Solid silver contact points. 

• Polished lucite paddles. 

• Precision-machined, chrome 
plated brass frames. 

• Standard model has black, 
textured finish base; deluxe 
model is chrome plated. 

• Heavy steel base: non-skid feet. 

Available at selected dealers or 
send $42.95 ($52.95 for chrome 
model) plus $2.00 shipping and 
handling. Overseas amateurs 
invited to request quotation for 
air parcel post shipment. 


IRON POWDERand FERRITE PRODUCTS 

AMID0N . 

cm 

Fast, Reliable Service Since 1963 
Small Orders Welcome Free 'Tech-Data' Flyer 

Toroidal Cores, Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 


Microcraft’s New Morse-A-Word 



MORSE-A-WORD Kit with 4 character readout.MAWK-4 $149.95 

MORSE-A-WORD Kit with 8 character readout.MAWK-8 $169.95 

MORSE-A-WORD wired & tested with 8 character readout . . . MAWF $249.95 


MORSE-A-WORD Kit with 4 character readout.MAWK-4 $149.95 

MORSE-A-WORD Kit with 8 character readout.MAWK-8 $169.95 

MORSE-A-WORD wired & tested with 8 character readout . . . MAWF $249.95 


WiCMCnAft 


Jr Charge. Add $3.51 


Corporation Telephone: (414) 241-8144 

P. O. Box S13HR, Thlensville, Wisconsin 53092 


in its construction so that contact 
with the coil is internal through silver- 
plated, beryllium-copper contacts. 
This results in low contact resistance 
between each turn of the coil and the 
whip assembly. The coil is tuned from 
the base of the antenna using a non- 
inductive plastic rod that is attached 
to the base of the whip assembly and 
extends down into the bottom mast 
section. 

Positive lock is provided by the 
close tolerance fit of the tuning rod 
and middle bushing, and by the fric¬ 
tion lock at the knurled nut. The base 
section is steel with a heavy-duty 
paint finish to withstand the elements 
in all climates. 

For more information, contact An- 
teck, Inc., P.O. Box 415, Route 1, 
Hansen, Idaho 83334. 

uhf amateur TV 
transceiver from 
Science Workshop 

Science Workshop in Bethpage, 
New York, has just introduced a new, 
compact ham TV transceiver, the 
SE-1. It is designed to transmit and 
receive live, fast-scan, high-reso- 
lution black-and-white or color-TV 
pictures and sound. The SE-1 trans¬ 
ceiver measures only 9Yi x 5!4 x 
2 Vi inches, including knobs and heat¬ 
sink. Its weight is less than 3 pounds. 

The receiver section uses a three- 
transistor, four-varactor-tuned uhf 
converter which covers the Amateur 
440-MHz band. Its i-f output signal is 
on vhf-TV channels 2 or 3. A two- 
stage uhf pre-amp using two high- 
gain, low-noise FETs, precedes the 
converter, providing 18-22 dB gain. A 
front panel RCVR GAIN control pro¬ 
vides full rf gain control. Any TV set 
can be used for high-detail, black- 
and-white (or color) pictures. The re¬ 
ceiver tuning control, labeled RCVR 
FREQ on the front panel, tunes the 
converter over the 420-450 MHz 
range. With the switch to the left of 
the illuminated meter set to the RCVR 
position, the meter reads the varactor 
tuning voltage, providing an elec- 







Antenna Tuner 


tronic tuning (logging) scale. A green 
LED in the upper right-hand corner of 
the front panel is illuminated, indicat¬ 
ing that the transceiver is in the "re¬ 
ceive" mode. 

The transmitter section delivers 10 
watts (peak), wide-band (adequate 
for color) video power into 50 ohms. 
A BNC connector on the front panel 
accepts the standard 1-1.5 volt 
camera video signal. A 439.25-MHz 
transmit crystal is supplied (installed) 
as standard equipment. A four-pin 
microphone connector is supplied, 
which provides "push-to-talk" opera¬ 
tion. The XMIT/PTT switch on the 
right hand side of the front panel 
overrides the "push-to-talk" switch 
on the microphone, allowing the 
transmitter to stay on for longer peri¬ 
ods of time, for testing or long trans¬ 
missions. 

With the meter AMP/RCVR switch 
in the AMP position, the meter reads 
the current drawn by the transmitter. 
The VIDEO GAIN control adjusts the 
video modulation level. A toggle 
switch on the rear selects whether 
the fm audio will be carrier or sub¬ 
carrier modulation (as in commercial 
TV). The transceiver is supplied with 
power plug and cable (to operate 
mobile off the 12-volt car battery or 
base power supply), mobile mounting 
bracket, and microphone connector. 

It is available from Science Work¬ 
shop, Box 393, Bethpage, New York 
11714. The price is $349.95 plus $3.50 
shipping and handling. 


digitally compensated 
crystal oscillator 

A digitally compensated crystal 
oscillator, the model D-100, is now 
available from Greenray Industries. 
The use of digital compensation 
achieves "oven" stability of ±5 x 
10~ 8 over a temperature range of 0° 
to +70° C while consuming only 500 
mW of dc power. Ten-, five-, and 
one-MHz outputs are provided to 
drive TTL logic. 

The D-100 occupies only 8 cubic 
inches and "warms up" in less than 5 



$ 299.95 

Here Is a new tuner that puts more power Into your antenna, works 
from 160 through 10 meters, handles full legal power and then some, 
and works with coax, single wire and balanced lines. And It lets you 
tune up without going on the airl 

WE INVESTIGATED 

All tuners lose some rf power. We checked several popular tuners to 
see where the losses are. Mostly they are In the Inductance coll and the 
balun core. 

So we switched from #12 wire for the main Inductor to V*" copper 
tubing. It can carry ten times the rf current. And we've moved the 
balun from the output, where It almost never sees Its design 
impedance, to the input where it always does. Thus more power to your 
antenna. 

IMPOSSIBLE FEAT 

The biggest problem with tuners is getting them tuned up. With three 
knobs to tune on your transceiver and three on the tuner and ten 
seconds to do it (see the warning In your transceiver manual) that'sl'/z 
seconds per knob. 

We have a better way; a built-in 50-ohm noise bridge that lets you set 
the tuner controls without transmitting. And a switch that lets you tune 
your transmitter Into a dummy load. So you can do the whole tuneup 
without going on the air. Saves that final; cuts QRM. 

BROCHURE AVAILABLE NOW 
For further details on this exciting new hlgh-power low-loss, 
easy-to-use tuner send for our new brochure. Or visit your Palomar 
Engineers dealer. 

To order send $10 shipping/handling. California residents add sales 
tax. 



Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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seconds. It offers a great number of 
uses where size, power consumption, 
and stability are important. Price of 
the D-100 is approximately $850.00 in 
small quantities. 

For more information, write Green- 
ray Industries, 840 West Church 
Road, Mechanicsburg, Pennsylvania 
17055. 

microminiature 

encoder-decoder 

Communications Specialists 
announces the addition of a new en¬ 
coder-decoder to their present line of 
tone products. 

The new TS-32 is a binary-coded, 
field-programmable encoder-decoder 
which does not require the use of any 
counter or other test equipment for 
setting frequency. This unit is capa¬ 
ble of producing any one of the thirty- 
two standard EIA sub-audible fre¬ 
quencies upon adjustment of a dip 
switch. A remote-mounted rotary 
switch may be purchased to allow se¬ 
lection of all thirty-two tone frequen¬ 
cies for both encode and decode 
functions. 

Measuring just 1.25 by 2.0 by 0.40 
inches, this unit is adaptable to all 
mobiles, base stations, and many 
portables, and will operate on any dc 
voltage from 6 to 30 volts. It is com¬ 
pletely immune to rf, and reverse- 
polarity protection is built-in. 

A high-pass tone rejection filter for 
removing tone from received audio is 
included on the board. All connec¬ 
tions are made with push-on connec¬ 
tors; color-coded wires and mounting 
hardware are supplied. 

The encoder section provides a 
low-impedance, low-distortion ad¬ 
justable sine wave output with a fre¬ 
quency accuracy of ±0.1 Hz maxi¬ 
mum from -40° C to +85° C. The 
output level is 5 volts peak-to-peak. 
The encoder function is continuous 
and operates simultaneously dur¬ 
ing decode, independent of mike 
hang-up. 

The decoder is driven directly from 
the discriminator, input impedance is 


ANTENNA MART 



REMOTE CONTROLLED 


ANTENNA SWITCHING ALLOWS YOUR FEEDLINE 
TO WORK FIVE TIMES HARDER 




ANTENNA MART 


MODEL SO 

Remote Antenna Switch 
$150.00 + $3.00 shipping 


p.O. BOX 1010 
1SU Station 
AMES, IOWA 50010 
(515) 292-7114 


S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


TUBESTERS™ 

• S-line performance—solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tu bes 
• Unlimited equipment life 
TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 
your S-line. 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage, CA 95481 (7071 462 6882 


Digitrex Electronics 

'A-19 Wideband Preamplifier 



Radio ‘World 1 



kZs ORISKANY, NEW YORK 13424 ***„ 

Call Toll Free: 1-800-448-7914 New York Stale Residents Call: 315-337-2622 or 315-337-02U3 
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1 meg. The sensitivity is better than 
10 mV rms with a bandwidth of ±1.5 
Hz maximum, limited. The response 
time is 200 ms, drop-off time is 200 
ms. Receiver muting is all solid-state 
with automatic monitoring. 

The high-pass filter is automatically 
muted by the decoder, if desired; no 
extra wire is needed to mute receiver. 
Input impedance to the filter is 100 k, 
output impedance is 2.5 k. The atten¬ 
uation at 100 Hz is 38 dB and roll-off 
is 24 dB/octave. 

A full one-year warranty is pro¬ 
vided if the unit is returned to the fac¬ 
tory for repair. Price of the TS-32 is 
$59.95, wired, tested, and with com¬ 
plete instructions. 

For more information write Com¬ 
munications Specialists, 426 West 
Taft Avenue, Orange, California 
92667. 

mobile charger/ 
amplifier 

Trilectric, Inc., Van Nuys, Califor¬ 
nia, announces the introduction of 
the mobile charger amplifiers for the 
Wilson Mark Series and Yaesu's FT- 
202R 2-meter hand-held transceivers. 

The MAC440H and MAC480H have 
40- or 90-watt rf power output capa¬ 
bility respectively with 4 watts drive. 
An MC101 charger is also available 
separately. Additional features are a 
built-in 5-watt audio amplifier for an 
external speaker, automatic regular 
or trickle charger, an optional front- 
panel mounted Touch-Tone 4 ’ pad 
which allows generation of DTMF 
tones while the hand-held is in the 
case, over or under mounting brack¬ 
et, for under dash, floor mounting, or 
base station use, and a locking fea¬ 
ture for portable security. 

In addition to mobile operation, the 
Trilectric MAC440H and MAC480H 
can be used to allow a hand-held to 
function as a high-power base station 
by using a 110 Vac to 13.8 Vdc power 
supply. 

For more information, write to Tri¬ 
lectric, Inc., 6725 DeCellis Place, Van 
Nuys, California 91406. 


THERE IS A 
DIFFERENCE 
IN QUARTZ 
CRYSTALS 


For more than a quarter century, International Crystal Mfg. 
Co.. Inc. has earned a reputation for design and capability in 
manufacturing and marketing precision electronic products. 

The market for International crystals is worldwide. With a full 
range of types and frequencies available, International is a 
major supplier to the commercial and industrial crystal market. 

International's leadership in crystal design and production is 
synonymous with quality quartz crystals from 70 KHz to 160 
MHz. Accurately controlled calibration and a long list of tests 
are made on the finished crystal prior to shipment. 

That is why we guarantee International crystals against 
defects, material and workmanship for an unlimited time when 
used in equipment for which they were specifically made. 

Orders may be placed by Phone: 405/236-3741 • TELEX: 
747-147 • CABLE: Incrystal • TWX: 910-831-3177 • Mail: 
International Crystal Mfg. Co.. Inc., 10 North Lee, Oklahoma 
City. Oklahoma 73102. 

Write for information. _ - 
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spectrum chart 

A unique radio chart called 
"Worldwide Listeners Guide to the 
Radio Spectrum" is available from 
Radio Publication Co., Lake Geneva, 
Wisconsin. The chart covers the 
radio spectrum from 10 kHz to 30 
GHz with sample listings of stations 
found on particular frequencies. For 
example, on 16.7155 MHz (high fre¬ 
quency), the chart lists the Queen 
Elizabeth II (inter-ship communica¬ 
tions). Over five hundred listings 
across the spectrum appear on the 
chart. 

Laid out as outer and inner circles, 
this is a quick and easy reference 
chart for hams, short-wave listeners, 
and scanner owners. The chart is 
printed in full color on high-quality 
paper and resembles the rainbow 
spectrum. It measures 80 x 63 cm 
(35 inches x 25 inches). This new 
chart is available from Radio Publica¬ 
tion Co., P.O. Box 28, Lake Geneva, 
Wisconsin 53147. The price is $4.50 
postpaid in a special mailing tube. 

short circuit 

CMOS synthesizer 

In the construction article for the 
144-MHz CMOS synthesizer in the 
December, 1979,-issue of ham radio 
(page 14), author K9LHZ has pointed 
out several drawing errors in the com¬ 
ponent placement on the printed-cir¬ 
cuit board (fig. 7). The 22-pF capaci¬ 
tor next to Q6 should be C36 not C26; 
resistor R25 has a value of 820 ohms. 
J1 and J2 should go to pin 13 of U6, 
not pin 12. T1 is a tapped coil with the 
tap going to C16 (cold end of T1 goes 
to ground). U4 is a CD4060 not 
CD4046, and the collector of Q13 is 
+ 8 T X not +8 RX; diodes D5, D6, 
D17, D26, and D27 are backwards. 
Finally, switch labeling should be 100 
kHz. 

For those of you interested in the 
math equations given in the appen¬ 
dix, the quantity on the left side of 
the fourth equation should be a lower 
case c. This fits the modified binomial 
solution in line 2. 
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NEW 

FROM GLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 M Hz. Prices start at $119.95. 
Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 


1952 Clinton St., Buffalo, N. Y. 14206 



July 26 thru August 8,1980 


Our 21st year of successful leaching 
Boost your Ham Skills 
on the Blue Ridge 
"A Vacation with a Purpose" 

Two wicks s t r t i I ning program 
in Amuti'iir Radio: 

• Novice to General 

• General or Technician to Advanced 

• Advanced to Amateur Extra 
Expert Instruction starting at your level. 
Code and Theory in depth along with 
Friendly Amateurs, Who Care About 


c. L. PETERS. K4DNJ, Director 
Oak Hill Academy Amateur Radio Se 
Mouth ol Wilson, Virginia 24363 
Name___Call 

City/State/Zip.. .. 
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THE MOR-GAIN HD DIPOLES are most advanced, 

available P Patented design provides length one-hall ot 
conventional dipoles. 50 ohm leed on all bands, no tuner 
or balun required. Can be installed as inverted VEE. 
Thousands in use world wide. 22 models available In- 

mance lor the novice bands. The Mor-Gain HD dipoles 
N/T series are the only commercial antennas specifically 
designed to meet the operational requirements of the 
novice license. Our 1-year warranty Is backed by nearly 
20 years ot HO dipole production experience. Write or 
call today lor our 5-page brochure. (913) 682-3142. Mor- 
Galn, P.O. Box 329H, Leavenworth, KS 66048. 

ESTATE OF KB3AK - SB104A with N.B.^SB604 speaker 

byTieathkH a7a 0 cos?oU^.' Asking S700 "whicMsItSo 
less than It had cost. W2GRN, 540 Maple Dr. West, New 
Hyde Park, NY 11040.516-354-5550. 

STAR-TRONICS monthly picture flyer I# full of parts and 
McMinnville, OR 97128. 

WANTED: Copy of I he "CO Conversion Manual For Sur¬ 
plus Military Equipment." Will buy manual or. It not tor 
sale, pay to borrow and copy for myself. Pat Turner, 1009 
8th Newport, TN 37821. 

WANTED: Motorola KXN 1024 and KXN 1052 Channel 
elements. WA6COA, 4 A jax Place , Berkeley, CA 94708. 
WANTED: NC-100 or NC-100X (general coverage with 
HRO-type dial). W70D. Box 355, Kenl, Washington 
98031. 

HAM RADIO REPAIR, alignment. Prompt, expert, 
reasonable. “Grid" Grid ley, W4GJO, Route 2, Box 138B, 
Rising Fawn, GA 30738. 

OSCILLOSCOPE - Tektronix 545, excellent condition 

fast rise K plug in, variable delay, $400 or best otler. 
Signal Generator - Boonton 202B 54-216 MHz. $250 or 
best offer. Dennis Gattl, Kenosha, Wl 53140. (414) 
552-7379 eves or (414) 654*0207 days. 

RTTY AFSK Modulator PC board. See Feb. 79 Ham 
Radio. Drilled $5.00; with parts. $25. F. E. Hinkle, 12412 
Mossy Bark, Austin, TX 78750. 

RADIOLE III Type R1, 2 Tube; Atwater Kent Receiving 
Set Model 20 Serial No. 36273. Stromberg Carlson AC 
Type 523-524 (9-1*27). Themoldyne TF6 No. 59263. Sears 
Roebuck Battery Radio 101-661. SASE for Information to: 
Ben W. Themos, WA3EIA, 310 Seaward Ave., Bradford, 
PA 16701. 

THE MEASUREMENT SHOP has used/recondltloned 
test equipment at sensible prices; catalog. 2 Wesi 22nd 
St., Baltimore. MD 21218. 

SELL: SB200 Amplifier With 10 melers, perfect $325; Hy 
Gain new 15 meter 3-element beam $55; Healh VHF watt¬ 
meter HMN-2102 $25; Heath HP-1144A 12 volt power 
supply $60; Cushcralt 2 meter 7-element beam $15. Call 
212-332-2622. George Roberts, 2371 E. 16th St., Brook¬ 
lyn, NY 11229. 

DX, YOU BET! THE DX BULLETIN - Best weekly DX Inio 
In the world. For FREE sample copy, send business-size 
SASE to: The DX Bulletin, 306 Vernon Avenue, Vernon, 


TOWER: 15M00' Tetescoping. pneumatic, very husky 
aluminum, tilts, one man operation. $8000 new, good 
condition $1600.509-878*1292. 


NORTH AMERICAN DX REPORT - Iree sample - 
SASE lo Suites R2-R3, 615 S. Frederick Ave., 
Gaithersburg, MD 20760 — Phone (301) 840-1987. 


STOP LOOKING for a good deal on amateur radio equip- 


than ever where you buy Isas important as what you buy. 
We are factory-authorized dealers for Kenwood, Drake, 
Yaesu, Collins, Wilson, Ten-Tec, ICOM, DenTron. MFJ, 
Tempo. Regency, Hy-Galn, Mosley, Alpha, CushCrafl. 


KDK 2015R OWNERS. Use memory tor any oddball 
splits. Including MAR's Frequencies. Shows transmit/ 
receive frequencies. Range 142.00 MHz to 148.995 MHz. 
Details. WA2HQD. 105*18 131st, Richmond Hill. NY 


RAOIO EXPO "BO'* Lake County fair grounds, Rt. 45 & 
120. Sept. 6 & 7 — advanced tickets $2.00, $3.00 al gate. 
Write: Radio Expo Tickets, P.O. Box 1532, Evanston, IL 
60204. Exhibitor Informal Ion call (312) BST-EXPO. 


MOTOROLA ALL SOLID STATE MOTRAN RADIOS. 
Model X43LSN-2170. four frequency, transmit 150 MC 
(30W), receive 450 MC. Will operate In Ham Bands. No 
modification required. Urge stock available. $150.00 
each. Omni Communications. Call (312) 852-0738. 

SATELLITE T.V. 3.7-4.2 GHz mixer wllh 20dB ot gain, 70 

LNA PCB bipolar orgas-fet $15.00. Both $25.00. Norman 
Glllaspie, 2225 Sharon Rd., 224 Menlo Park, CA 94025. 


Coming Events 


DX YL lo NORTH AMERICA YL Phone starts Tuesday, 
April 8 at 1800 UTC, ends Wednesday. April 9 at 1800 
UTC. CW starts Tuesday, April 15 at 1800 UTC ends 
Wednesday. April 16 All licensed YL operators through¬ 
out Ihe world are Invited to participate. OM coniacts do 
not count. W/VE YL# call "CO DX YL", DX YLs call "CO 
W/VE YL". All bands 160-10 meters. Cross band opera¬ 
tion not permitted. Logs must be postmarked no later 
than May 3,1980 and received no later than May 17,1980 
by the YLRLVice President. 


MISSOURI: The Missouri Valley Amateur Radio Club. 
Inc. proudly announces Its second annual Pony Express 
Days from the original stables In St. Joseph, April 5 and 
6. Operating time 1000 CST to 1900 CST both days. Any¬ 
one making conlact with Ihe club station will receive the 
Pony Express Award. Send legal-size SASE along with 
personal QSL card to: Missouri valley ARC, 401 North 
12th Street, St. Joseph. MO 64501. Certificate will be 
stamped wllh original seal ot the Pony Express. Operat- 


tom of the General phone band on the other 
through 75. CW bands will be 28.150, 21.1 
Listen lor W0NH Irom the homeot the Pony 


OHIO: Dayton Hamvenllon. April 25, 26, 27. 1980 at the 
Hara Arena and Exhibition Center. Exhibits and Flea 

lures, meetings. Banquet speaker: Senator Barry Gold- 
water, K7UGA, Special awards, prizes, Including 26th an- 

lo Awards Chairman, Box 44. Dayton, Ohio 45401. Flea 
Market hours are: Friday 1200 to 1800; Saturday 0600 to 
1700; and Sunday 0600 to 1600. No sell contained 
vehicles may enter ihe flea market area. Space: $11 ad¬ 
vance, $13 gale; maximum lour spaces. Those with per¬ 
mits may enter 0800 Friday AM. All persons entering the 
Flea Marker area most have valid registration to Hamven- 

(513) 296-1165, or write Box 44, Dayton, Ohio 45401. 


NEW YORK: Southern Tier Amateur Radio Club s 21st 
annual Hamfesl, Saturday, May 3. NEW LOCATION: 
Owego Treadway Inn, Rte. 17, Exit 65, Owego. Flea 
market, lech, talks. 8uf let dinner tickets and general ad¬ 
mission $8.00. Reservations received after April 20 will 
be held at door. Admission only, $2.00. STARC has use 

way" contact: Debbla e Chambers°607-687-4500.Vo?** 
formation, ticket reservations contact: STARC, PO Box 
II.Endlcott. NY 13760. 



ILLINOIS: Klshwaukee Radio Club & DeKalb County 
Amateur Repealer Club's 22nd annual Indoor/outdoor 
hamfesl, Sunday, May 4, 8 a.m. to 3 p.m.. Notre Dame 
School (3 miles south of DeKalb between hwy. 23 and 
South 1st SI. on Curler Rd.) Tickets, $1.50 advance, $2.00 
at door. Indoor tables available. Own table, set-up free. 
For tickets & directions SASE to: Howard. WA9TXW. Box 
349, Sycamore, IL 00178. 

NEW JERSEY: The Fifth Trenton Computer Festival will 
be held on April 19th, 10 a.m.-6 p.m., April 20lh 10 a m.-4 
p.m., at the Trenton State College, Trenton. Outdoor flea 
market, Indoor commercial exhibit area, forums, talks, 
seminars, door prizes, banquet Saturday night (tickets 
$10 lor banquet). Admission $5, sludenis $2 — tickets 
available only at door. Free parking. For more Informa- 



ONTARIO: Lake Slmcoe Hamfest. June 13th, 14th and 
15th, at Molson's Park, Barrie, Ontario, Canada. Registra¬ 
tion: $4 by mall, $5 al gate. Children under 18 admitted 
free. Doors open at 12:00 noon on Friday the 13lh, wllh 
taik-in on VE3LSR 146.25/.85 and 146.52 simplex.or 3780 
kHz SSB. For Information, reservations, or Ifckels, write 
to Lake Slmcoe Hamfest, P.O. Box 2283, Orillia, Ontario 
L3V6S1, Canada. 


More Details? CHECK-OFF Page 94 
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a second look 

rrqzH by Jim Fisk 


From time to time I am taken to task for editing a monthly Amateur Radio magazine that is "much too 
technical" and is written for radio engineers, not hams. I do not disagree with that premise in principle, on¬ 
ly in degree — I feel strongly that most of our feature articles can be understood and applied by Amateurs 
who are interested in the technical aspects of radio: Amateurs who are still interested in the subtle details 
of designing their own circuits and building some of their own station accessories. Even with the great in¬ 
flux over the past couple of years of new Radio Amateurs who are primarily communicators with little 
technical knowledge, I believe the majority of licensed Amateurs still spend a large portion of their hobby 
time in their home workshops. 

Subscribers who have been regular ham radio readers since I put together the first issue more than 
twelve years ago know that, from the beginning, ham radio has always placed the emphasis on radio 
theory and technique; operating news and views were left to others. Over the years we have tried to stay 
abreast of the state of the art, although at times this has been nearly impossible because of the great and 
rapid advances in developing technology. And, in general, when viewed in terms of the technology of the 
day, a better technical background is required now than it was ten years ago to understand a comparable 
level of circuit theory. The corollary, of course, is that what we consider to be unduly complex and difficult 
to understand in 1980 will likely seem relatively simple in 1990. This presents an interesting problem 
because as we continue to publish up-to-date radio circuits and projects, we run the danger of leaving a 
few dedicated readers behind. That is not our intent, and we shall make every effort to continue to appeal 
to as wide an audience as possible. 

The microprocessor revolution has also greatly affected the technical content of ham radio ,'although 
not in the way you would expect; when most of the magazines jumped on the computer bandwagon, we 
continued to stress analog circuitry and presented only those computer topics that were closely related to 
radio communications. This has been highly popular, but many radio engineers and technicians who pre¬ 
viously depended upon the industrial magazines for up-to-date design information became regular readers 
of ham radio-, these are the same people who design the frequency-synthesized solid-state hf transceivers 
that are currently popular. Thus a dilemma: to publish up-to-date design articles that will ultimately im¬ 
prove the type of communications equipment we all have available, or continue to present decade-old 
technology to a 1980 world? Our answer has been a carefully chosen mix of established older techniques 
and complex new ones; when we stray too far one way or the other, we hear about it! 

The continuing series on Yagi antenna design by W2PV which returns this month after a two-month 
hiatus is a good example of the type of article some readers feel is out of place; it explores antenna design 
and performance at a level normally reserved for engineering journals. If you've seen any engineering mag¬ 
azines lately, though, most of their articles are centered around microprocessor circuits; antenna articles 
are few and far between unless they're for satellite earth terminals. Those editors are appealing to a com¬ 
pletely different market, so W2PV's Yagi series would be out of place — more important, it would not have 
been read by those people who are designing and building new high-gain antennas for the Amateur 
market. I feel we made the right decision when we accepted it for publication — it's likely to have more im¬ 
pact on high performance high-frequency antenna design than anything published in the last 20 years. 

Jim Fisk. W1HR 
editor-in-chief 
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Hallicrafters story 

Dear HR: 

"The Hallicrafters Story" did not 
end with World War 2! Several 
years later, in Korea, the BC-610 
transmitters — tired old rigs that 
they were — still carried the brunt 
of our radio communications during 
the early days of the Korean con¬ 
flict. We of the Military Advisory 
Group in Korea inherited several BC- 
610s and a few SCR-399 rigs when 
the American Army of occupation 
left in 1949. When the invasion of 
south Korea started on June 25, 
1950, we fired-off a SC-399 and 
established an emergency communi¬ 
cations link with Tokyo. 

When the Hahn river bridge was 
blown sky high two days later, one 
of our SCR-399 trucks was jammed 
in heavy traffic — on the north 
ramp of the bridge. On the south 
side of the river, I was operating 
another SCR-399 in contact with 
Tokyo. I heard the operator on the 
north side of the river and he was in 
contact with Tokyo, too (all on CW) 
but for some reason he couldn't 
hear my signals! He was telling 
Tokyo that the bridge had blown up 
in his face, the traffic jam was so 
bad that he might have to destroy 
the radio, and there were enemy 
tanks wandering around the city of 
Seoul! Then he went off the air; I 
figured we could scratch one radio, 
but Sgt. Francisco was not giving 
up so easy! 

A few hours later he was back on 
the air — reporting that he had got¬ 


ten the truck and trailer of his 
SCR-399 across the river on a 
barge! Now he was out of gasoline 
and the enemy was lobbing mortars 
at him! We rushed a jeep up the 
river with a couple of jerry-cans of 
gas, and a bit later the truck I never 
expected to see again pulled into 
our camp! 

A few nights later we made a 
crash retreat south; there was a 
report that enemy tanks had gotten 
behind us and cut the roads, so we 
drove down trails so narrow that we 
scraped brush on both sides of the 
road. I operated my BC-610 mobile 
in motion all that night, and a 
radioman in Yokohama kept contact 
with me straight through! 

During the battle for Taejon the 
choke in the high-voltage supply of 
my BC-610 went down to ground. 
We replaced it with a resistor and 
went right back on the air — with a 
real pretty note and a few more 
watts of power! (A Korean mechan¬ 
ic rewound the choke for us and it 
was still working two years later.) 

The roads were so rough in Korea 
that wheel-bolts would sometimes 
crystalize and break off the trucks. 
Once a modulation transformer 
broke loose and wiped the whole 
audio deck clean — right down to 
reducing everything on the deck to 
dust! So what! We were operating 
all CW anyway, so we didn't miss 
the audio deck in our BC-610. 

One night there was some kind of 
blackout, and the whole high-fre¬ 
quency band was just a hiss — not 
a signal to be heard; of course, that 
was the night the big brass had an 
urgent message that just had to get 
through! We fired off both SCR-399 
rigs, one with a horizontal antenna, 
the other vertical, and we adjusted 
the frequency of one about 800 
hertz off the frequency of the other, 
then keyed them both together; 
what a God-awful signal that made, 


but we got the message through. 
The only message that got through 
from all Korea that night! 

Our SCR-399s served all through 
the Pusan perimeter days, went 
north when the breakout came, and 
made the long retreat back down 
the peninsula when the Chinese 
clobbered us. By the time the 
cease-fire came, we had added an¬ 
other ten-thousand hours to those 
old war-weary rigs left over from 
World War 2! 

James Houldsworth, W1TVN 
Pittsfield, Massachusetts 

Dear HR: 

I feel compelled to let you and Bill 
Orr know how much I enjoyed the 
"Hallicrafters Story" in the Novem¬ 
ber ham radio. To most of us hams 
over the age of 50, the mere mention 
of the HT-4 brings back fond recollec¬ 
tions. Some of us also spent time 
around the BC-610 during and after 
WWII, and during the golden years of 
military surplus that followed. 

It was the kind of article that I 
could not lay down until I finished it, 
and I have read it a second time. Bill 
Orr should be commended for yet 
another very fine article. 

Thanks again and keep up the 
good work. 

Marshall B. Turner, K0ADM 
Parkville, Missouri 

talking digital readout 

Dear HR: 

I want to congratulate you on the 
fine article, "Talking Digital Readout 
for Amateur Transceivers," in the 
June, 1979, issue. Pete Tanner, 
N5EJ, built one for Jerry Thomas, 
KA5GBP, who is blind, and it works 
great with his TS 120S. You are to be 
commended for providing this assis¬ 
tance to handicapped Amateurs. 

Sammy Neal, N5AF 
Cleveland, Texas 
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COMPLAINTS TO THE FCC ABOUT AMATEUR operations have tripled in the past year, and 
though the Amateur service is still considered to be probably the best in compliance of 
all the services administered by the Commission, this rapid increase signals a very 
alarming trend that shouldn't be allowed to continue. The increase lies principally in 
two areas; net operations on the hf bands, and on repeaters. In both areas the problem 
is mainly one of jamming, willful and deliberate interference, an area that's been widely 
publicized since Southern California Amateurs enlisted the aid of California Congressman 
James Corman last summer. 

A Major Attack on the interference problem, concentrating in those two areas and like¬ 
ly enlisting the active aid of Amateur observers, is now being prepared within the FCC. 

Final details of the plan are now being worked out between the participating bureaus, and 
will be announced soon. 

The Amateur Who Threatened the FCC engineers who were investigating his possible jamming 
activities in Los Angeles last fall has been indicted by a federal grand jury. John W. 
Munson, Jr., K6E0A, was jailed for 20 days in October as a result of that incident, but was 
released when the U.S. attorney in the case decided not to proceed on felony charges against 
him at that time. The two-part indictment was handed down in late March after the grand jury 
heard transcripts of transmissions from K60EA such as "Hey, I wonder if I jam if I can get 



A NEW SIBERIAN-BASED "WOODPECKER " has now been confirmed, transmitting a slightly 
different pulse pattern than his three more western brothers, and apparently located in 
the Kamchatka Peninsula area. It definitely points up much further east than the cen¬ 
tral Siberian woodpecker that came on last fall. 

The European Woodpecker started a new transmission pattern in late March, with a 
50-100 kHz wide signal and a 25-35 Hz pulse rate. It's been spending long periods on 
the low end of 10 meters between 1200 and 1400 UTC, and points up from the same area as 
the old European woodpecker. 

A Woodpecker Noise-Blanker circuit will be presented in the June issue of HAM RADIO . 
Designed by DJ7VY for receivers with a 9-MHz i-f, the circuit is not widely known out¬ 
side Europe, where it was originally published two years ago. 

A POTENTIALLY DEADLY THREAT exists in many hamshacks due to the PCB, the potent can- 
cer-causing chemical widely used as a high-voltage insulator until a ban was imposed on 
its use by the Environmental Protection Agency. Polychlorinated biphenyls have been 
widely used in the manufacture of capacitors and transformers since the early 1930s, and 
many Amateurs are currently using PCB-filled capacitors in their high-voltage supplies 
without being aware of the potential hazard. 

There Is No Danger so long as seals are intact, but exposure to liquid PCB seeping 
from a leaking capacitor could have grave health consequences for an Amateur or his 
family. Amateurs who suspect their oil-filled capacitors might contain PCB — GE's 
Pyranol is one well-known example — should check all seals carefully for leakage and 
make sure the capacitors are run well below their ratings to avoid stress. 

Damaged Or Leaking PCB-Filled components should not be thrown in the garbage; it is 
illegal, in fact, to dispose of more than three pounds (one quart) of PCB except in a 
government-approved disposal sitel 

ART COLLINS. W0CXX . has been chosen to receive the Electronic Industries Association’s 
Medal of Honor. Art, who started Collins Radio in his Cedar Rapids basement in the early 
1930s, now heads Arthur A. Collins Corp. in Dallas doing RandD work in the communications 
field. Congratulations! 
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three-element quad 
for 15-20 meters 
which uses 
circular elements 


Development of a 
circular-element 
quad beam 
from conception 
to final result — 
the Dream Beam 

This project started in the winter of 1977-78 when I 
became active after having been off the air for over 
40 years. I wanted a good antenna for 15 and 20 
meters, but my location precluded a big beam. This 
article describes a quad antenna using circular 
elements rather than the usual square element con¬ 
figuration. Advantages of using circular rather than 
square elements are described together with con¬ 
struction details for building your own antenna. 
Development of the idea is discussed, beginning with 
a single-element circular antenna for 15 meters. The 
final version, a three-element circular quad, has 
given a good account of itself. 

The idea was inspired by a bicycle wheel. Struc¬ 
tural rigidity for the circular quad elements is pro¬ 
vided by "spokes" radiating from the element hubs 
to the elements. Another bonus: the circular loop has 
a 0.9 dB gain over a square or diamond. 1 

May I now present the Dream Beam, its early 
development, model tests, construction, and per¬ 
formance. 


early antennas 

The first attempt was a very small model. The 
"bicycle" rim or tire (conductor) was made by 
springing a length of small-diameter stiff plastic tub¬ 
ing into a circle about two feet (0.6 meter) in diame¬ 
ter. The wheel hub was a 6-inch (153-mm) length of 
%-inch (6.5-mm) wood dowel with small plywood 
flanges on each end. Holes were drilled in the flanges 
all around, spaced at 45-degree intervals. Eight pairs 
of "spokes" were made from kite string connecting 
the "tire" in pairs to the holes in the hub flanges. 
Sure enough there was the wheel! It proved to be 
what I hoped for — very lightweight, surprisingly 
strong, resilient, simple, and a near perfect circle. 

One-element circular quad loop for 15 meters. 
This work led to an attempt at a single-element, full- 
size antenna for 15 meters. The conductor for this 
antenna was 3/8-inch (9.5-mm) aluminum tubing 
lengths spliced together to a total length of about 46 
feet (14 meters). This assembly was easily sprung in¬ 
to a circle, and the ends were attached to a feed- 
point insulator that included an SO-239 coax connec¬ 
tor. The hub was a 30-inch (765 mm) length of 1-inch 
(26-mm) PVC plastic pipe to which some end flanges 
had been fitted. 

Eight pairs of spokes were used, which were made 
from 40-pound (18-kg) test monofilament nylon fish 
line. It did indeed look like a big bicycle wheell It was 
about 15 feet (5 meters) in diameter, and I wondered 
if I could ever get it up into the vertical position. I 
gingerly picked it up by the hub and, to my pleasant 
surprise, found it quite stable and easy to handle. 
The whole element weighed only about 2 % pounds 
(1 kg) — so light that I could carry it up a ladder to 
the roof alone using one hand for myself and one for 

By J. W. Kennicott, W40VO, 468 Colonial 
Drive, Lexington, Tennessee 38351 
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the antenna. The 15-meter antenna performed beau¬ 
tifully, and I used it for several months. It proved to 
my satisfaction that the construction principle was 
sound and would work. 

One-element circular quad loop for 15-20 
meters. A single-element 15 and 20 meter antenna 
was the next step. It was similar to the 15 meter ver¬ 
sion but quite a bit larger. About 70 feet (22 meters) 
of ’/4-inch (12.5-mm) aluminum tubing was sprung 
into a 22-foot (7-meter) diameter circle and connect¬ 
ed with a similar feed point insulator. The hub was 4- 
foot-8-inch (1.4-meter) length of 114-inch (38-mm) 
PVC pipe with flanges on each end. The number of 
spokes was increased to twelve pairs, and these were 
made from heavier 80 pound (36 kg) test monofila¬ 
ment nylon. The 15-meter element of no. 16 (1.3 
mm) copper antenna wire was attached to the 
spokes in much the way a spider spins a web: rather 
than a true circle, it was a regular twelve-sided 
polygon. This antenna was a success and I worked 
much DX with it. 

two-element beam 
for 15-20 meters 

The two-element beam was a natural and easy 
development. Reflector elements were made just like 
the driven elements, except there were no feed-point 
insulators, of course. And did it workl I received ex¬ 
cellent reports and many compliments on my signal 
from all over the world. I could usually contact any 
station I could hear. Europeans, ZLs, and VKs were 
worked with the greatest of ease and almost at will. It 
was a quiet receiving antenna and seemed to have 
excellent directional properties. 

three-element beam 
for 15-20 meters 

Then I began to think of installing a director. 
Would the antenna be further improved with a third 
element, a director? If so, could I get one up there? 
Yes, there might be a way, and I dreamed up the 
basics of the three-element version. 

I was about to begin building when nagging 
doubts began to creep through my mind. The mes¬ 
sage said, "Look OM, you have a fine antenna now, 
but you really know very little about it. Do you know 
what the beamwidth is, what the pattern looks like, 
and whether you have the optimum reflector length 
and spacing? If you put up a director, what length 
will be best? What spacing will be optimum? What 
will the front-to-back ratio be? You really don't know 
these things. Enlarging the beam will take a lot of 
time and much work. You may fall flat on yourfacel" 

I had to agree. I decided to postpone the director and 


n 



center) gets a free ride. 

embarked on a three-month period of model testing 
to find out where I was, where I wanted to go, and 
how I was going to get there. 

model tests 

In my backyard antenna range, a one-watt 2-meter 
carrier from a dipole illuminated the model antenna 
under test. Induced currents were observed and re¬ 
corded and patterns plotted. After literally hundreds 
upon hundreds of patterns, I felt I had the answers to 
all the questions — plus much other valuable and in¬ 
teresting data. 

One particularly interesting result concerns a very 
closely spaced two-element (driver and reflector) cir¬ 
cular loop beam. If the reflector is made 1.018 times 
the length of the driven element and spaced at 0.065 
wavelength, a very nice beam results. At 146 MHz 
this spacing is only about 554 inches (140 mm). A 
beautiful 2-meter mobile beam antenna could be 
made using an aluminum loop driver. The reflector 
could be bracketed right to the driver with noncon¬ 
ducting material. You can't add a director to this ar¬ 
rangement; it will not work that way. 

The model tests of the two-element configuration 
showed that I had been lucky. My earlier guesses at 
reflector length and spacing were reasonably close to 
optimum. 

The bulk of the work was with the three-element 
configuration. Director and reflector lengths were 
varied, and the effects of various spacings in¬ 
vestigated. The goal was to zero in on the optimum 
antenna. This was eventually done and the Dream 
Beam was made to the following dimensions: 
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fig. 1. Horizontal radiation pattern of three-element, full- 
size circular loop beam at 145 MHz. 


14,275 kHz 
director element 
director spacing 
driven element 
reflector spacing 
reflector element 

21,360 kHz 
director element 
director spacing 
driven element 
reflector spacing 
reflector element 


element lengths 


wavelength feet 

0.977 67.34 

0.123 8.50 

0.990 68.23 

0.123 8.50 

1.008 69.46 


(meters) 

(20.5) 

( 2.6) 
(21.0) 

( 2.6) 
(21.2) 


0.974 

0.141 

0.987 

0.184 

1.005 


44.90 

6.50 
45.50 

8.50 
46.30 


(14.0) 
( 2.0) 
(14.0) 
( 2.6) 
(14.0) 


You'll notice that the proportions of the 35-meter 
elements don't agree with those of the 20-meter 
elements. This comes about by mechanical consider¬ 
ations and the fact that it was necessary to tune the 
15-meter element to resonance at 21,350 kHz. While 
the 15-meter array doesn't quite meet the optimum 
dimensions, only minimal harm comes from the di¬ 
mensions used. The turning radius is only 14 feet (4 
meters). 

Fig. 1 is the horizontal pattern from model ex¬ 
periments. Numbers of vertical patterns were also 
made, and it always turned out that they were almost 
identical to the horizontal patterns. 


impedance 

The feedpoint impedance of a fullwave loop has 
been estimated to be in the range of 100-130 ohms. 
For the earlier one- and two-element antennas a very 
close match to 52-ohm coax was made with the use 


of quarter-wave matching sections of 75-ohm coax. 
In the three-element configuration the feed point im¬ 
pedance becomes much reduced. The impedance of 
the 20-meter driven element turned out to be about 
20 ohms; the 15-meter element about 27 ohms. Ex¬ 
cellent matches were made between the transmis¬ 
sion lines and the antenna elements using matching 
stubs cut for these impedances. 

circle versus rectangle 

In general character there is much similarity be¬ 
tween the Dream Beam and the familiar quad. Con¬ 
struction and configuration aside, there are some 
electrical differences. The resonant length of the cir¬ 
cular configuration is somewhat less than that of the 
square or diamond. The resonant length of the cir¬ 
cular loop is about 974/f. The usual formula for the 
quad is 7005//. The parasitic element lengths are 
nearer to the length of the driven element in the case 
of circular loops. The director element is 1.3 per cent 
shorter; the reflector element is 1.7 per cent longer. 

construction 

To start at the bottom: A bearing and rotator are 
installed in the attic of my house. The installation is 
remarkably similar to the one described in detail by 
W0YBV.2 He and I were perhaps cutting holes 
through our roofs at about the same time! The lower 
part of the Y-base (fig. 2) is a piece of 1 '/z-inch (38- 
mm) steel pipe. To the top were welded two U- 
shaped steel members from a junk pile. They were 
just the right size and the V-struts were attached to 
them with U-bolts. 

The V-struts are 12-foot (4-meter) lengths of 2- 
inch (51-mm) aluminum tubing. They are connected 
to the two 1 '/ 2 -inch (38-mm) diameter boom halves 
-with U-bolts using tie plates cut from 1/8-inch (3- 
mm) aluminum sheet. This assembly must be care¬ 
fully laid out so everything is in good alignment. 

The 20-meter elements are made from lengths of 
3/4-inch (9-mm) type 6061-T6 aluminum tubing. This 
tubing was flattened to make it something like an 
elliptical section about 15/16 inch (24 mm) wide and 
’/z inch (12.5 mm) thick. For the joints between sec¬ 
tions, solid aluminum inserts were used. These in¬ 
serts, 3/8 x Vi x 3 inches (9.5 x 12.5 x 77 mm), 
were fixed and connected by using no. 6 (M3.5) 
stainless steel machine screws. Spoke attach eyes 
are 3/32 x 1 inch (25 x 25.5mm) stainless steel cot¬ 
ter pins in holes in the plane of the loops at proper in¬ 
tervals. Points are bent sharply back around the out¬ 
side of the elements. The feedpoint insulator for the 
20-meter driver is placed at the bottom. The SO-239 
fitting mounted underneath was potted in silicone to 
make it watertight. 
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fig. 2. Above, the Dream Beam. Although this antenna la similar to the quad, thara ara soma electrical differences because the 
resonant length of this circular configuration la somewhat lass than that of a square or diamond: for a circular loop. It's about 
974//. as opposed to 1006//for the quad. Below, details of tha boom/V-strut mounting bracket. 
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The hubs are 6-foot (1.8-meter) lengths of 1 %- 
inch (38-mm) schedule 40 PVC plastic pipe with 
spoke-attach flanges cemented on each end. Spoke- 
attach eyes are 1/8x1 inch (3 x 25.5 mm) 
stainless-steel cotter pins inserted in holes drilled 
through the flanges. Holes are parallel to the axis of 
the hub. 

Nylon monofilament spokes in earlier antennas 
were not completely satisfactory. The Dream Beam 
elements have spokes of no. 20 (0.8 mm) stainless- 
steel wire. These are insulated, and nine pairs are 
spaced around at 40-degree intervals. Their lengths 
were calculated. They were made fairly accurately on 
a simple jig. This jig was a 12-foot (4-meter) length of 
2x4 lumber with small finishing nails in it cor¬ 
responding to the several points on the spokes. The 
element end of each pair of spokes is fitted with a 4- 
inch (102-mm) triangular insulator cut from a sheet 
of %-inch (6.5-mm) Lucite. The insulator is attached 
by a %-inch (19-mm) "key ring" to its spoke-attach 
eye. ("Key ring" is used for lack of knowing a better 
term. It consists of almost two turns of stiff, springy 
stainless wire and may be easily threaded onto and 
off of the attach eye. I got the key rings at a sailboat 
supply house, where they're called "cotter rings.") 

In toward the hub another small plastic insulator is 
inserted in each spoke. These are % x % x 4 
inches (6.5 x 6.5 x 102 mm) long. There is a hole in 
each end to which the spoke is attached, and a hole 
in the center. The hole in the center is the eye 
through which the 15 meter element of no. 16 (1.3 
mm) copper antenna wire is threaded. These ele¬ 
ments become nine-sided regular polygons. These 
insulators must be accurately located (a nail in the 
jig) so that neat polygons of the correct perimeter 
result. The hub ends of the spokes are simply fixed to 
their attach eyes on the hubs. The flanges and hubs 
serve as insulation here. 

handling 

The elements may be assembled where there's 
sufficient room handy to the antenna location. Sim¬ 
ply put them together. No jig or other special tooling 
is needed. They end up, completed, lying on the 
ground. 

Handling and transport of the assembled elements 
at first appeared to present a tricky and complicated 
challenge. However, it turned out to be ridiculously 
simple, easy, and safe. A carrier was made like a 
grossly elongated T. The "up-and-down" portion is a 
12-foot (4-meter) length of 1 %-inch (32-mm) light 
steel tubing. At the top, a 4-foot (1-meter) piece of 
tubing is attached across. Two clips were made from 
a piece of PVC pipe (somewhat larger then the hubs). 
The clips were cut so they could be snapped on and 


off the hubs with ease; they were bolted to the top of 
theT. 

Simply clip the carrier onto the hub, pick up the 
element, and lift it to the vertical position. Super¬ 
human strength and balance are not needed; after 
all, an element weighs only about 9 pounds (4 kg). I 
must admit to being a little frightened when I tried it 
for the first time. The 22-foot (7-meter) "wheel" 
looks gigantic when towering over your head! The 
purpose of the carrier, of course, is for transporting 
the element and slipping it onto the boom. The hub 
ID is about 3/32 inch (2.5 mm) greater than the 1 Vi- 
inch (38-mm) boom, so it may be slipped on and off 
readily. When the hub is on the boom, give the carri¬ 
er a downward jerk. The clips open and the carrier is 
separated. Elements went up and on, and off and 
down, many times during development for changes, 
adjustments, and pruning. Not the slightest difficulty 
was ever encountered. 

assembly 

Assembly of the entire array is really not so com¬ 
plex as it may at first seem. It was quite fun — a great 
satisfaction to see it up there, in place and "flying." 
I'm not exactly a spring chicken and don't claim the 
vision, balance, and agility of 30 or more years ago. 
The whole antenna was, however, assembled from 
the parts on the ground to their places in the rooftop 
array in about four hours. This work was done entire¬ 
ly alone with no assistance whatsoever. 

Fig. 2 shows the various parts in relative positions. 
The key to the assembly of the structure is 20-foot 16- 
meter) length of 3/32-inch (2.5-mm) stainless-steel 
flexible cable. This is obtainable at most marine hard¬ 
ware dealers, particularly those handling sailboats 
and supplies. It is permanently attached to the inside 
of the left boom tube at the right end. Steps are as 
follows: 

1. Position the steel Y-frame in tne bearing and 
rotator. 

2. Run a 25-foot (8-meter) messenger of stout cord 
or fish line through the eyebolt in the left tie plate 
(used later for the reflector preventer cord). Erect the 
left V-strut and boom half, securing it to the Y-frame 
with U-bolts. 

3. Run a 25-foot (8-meter) messenger through the 
hub of the driven element. Bring the driven element 
into position, ready to slip onto the left boom half. 
Connect the flexible cable to this messenger and pull 
it through the hub of the driven element so it comes 
out on the right. Slip the driven element onto the left 
boom half. 

4. Drill a 3/8-inch (9.5-mm) hole in the bottom of the 
right boom half near where it is attached to the V- 


16 QB may 1980 



strut. Run a 25-foot (8-meter) messenger (for the 
flexible cable) through this hole so that it comes out 
from this boom half on the left. 

5. Run a 25-foot (8-meter) messenger through the 
eyebolt in the right tie plate (used later for the direc¬ 
tor preventer cord). Connect the flexible cable to its 
messenger. Pull the flexible cable into the right boom 
half so that it comes out through the 3/8-inch (9.5- 
mm) hole. Slip the right boom half into the driven- 
element hub and secure this V-strut to the Y-frame 
with U-bolts. 

6. Pull the flexible cable tight and fasten it securely 
jo the Y-frame. The structure is now erected. The 

hub of the driven element acts as a sleeve connecting 
the boom halves. The flexible cable holds them tight¬ 
ly together inside the hub. 

7. Slip on the reflector element. Connect the pre¬ 
venter cord (1/8-inch or 3-mm high-grade nylon par¬ 
achute cord) to its messenger and pull it through the 
eyebolt in the tie plate, securing it to the Y-frame. 
This preventer cord simply restrains the element from 
sliding off the boom. 

8. Slip the director element on in the same manner 
as the reflector. 

disadvantages 

The only disadvantage of this array is in the sheer 
size of the element assemblies. Once it's put together 
in your yard or patio, the only possible thing you can 
do with them is put them up where they belong. 
They are too large to ship by any means. They won't 
fit in your garage or basement, so they can't be 
stored away — unless you happen to have a vacant 
airplane hangarl They could be disassembled for 
shipping or storing, but not nearly so readily as with 
other beams. 

serviceability 

Only high-grade corrosion resistant materials were 
used. The PVC hubs were painted with polyurethane 
to avoid deterioration by sunlight. The antenna has 
satisfactorily survived two rather severe winter ic¬ 
ings. Being somewhat resilient, the elements swing 
and sway in a gusty wind, but the array has with¬ 
stood quite a number of very high winds in thunder¬ 
storms. As the array is mounted just above the roof¬ 
top, it's centered only about 30 feet (9 meters) above 
the ground. Some protection occurs from numerous 
tall trees in the area. I can't say how the array would 
do atop an 80-foot (24-meter) tower. The exposed 
area of each loop is 3 square feet (0.3 square meters). 
Further experience may show up weaknesses not an¬ 
ticipated. 



How the feedpoint insulator is made and connected to the 
20-meter driven element. The triangular-shaped insulator is 
between the circular conductor and the wire spokes. Por¬ 
tions of the Y-frame are visible, and the lower end of the V- 
strutcan be seen. 

performance 

Evaluation of antenna performance is both difficult 
and perilous. The difficulty lies in the large number of 
uncontrollable variables, which render numerical 
comparisons very questionable. The peril is in one's 
ability to enforce strict self-discipline and maintain a 
truly objective viewpoint. It's easy and tempting to 
overrate something which is your own baby, your 
own creation. 

In the past year every opportunity for evaluation 
and comparison has been seized; this process is still 
going on. Reports and results have been extremely 
encouraging, and I become more pleased and confi¬ 
dent as the hard evidence comes in day by day and 
week by week. Much of the time I get reports such 
as: "You are very, very strong;" You have the 
strongest signal on the band;" and, "Your signal is 
15 to 20 dB over S9." Some of the reports have been 
so good as to be not believable. I can't remember 
when another station couldn't read me if I could read 
him. Being picked out the first time in DX pileups has 
become fairly common. Though many long months 
in coming, the Dream Beam is now a reality. 

reference 

1. Frank Witt. WIOTV, “Simplified Antenna Gain Calculations.” ham 
radio. May, 1978, pages 78-85. 

2. Charles J. Ellis. W0YBV. "A Novel Way to Mount a Rotaty-Beam 
Antenna. "CIST. May. 1979. pages32-33. 

ham radio 


may 1980 Q! 17 


I. Yagi antenna design: 


performance of 
multi-element 
simplistic beams 

A Yagi antenna can be characterized by one or 
more driver elements and a number of parasite 
elements, all supported on a boom. 

For each element we must specify X and Y coor¬ 
dinates, a length (LE), a radius (RO), all measured in 
terms of (central) wavelength, and in the case of 
each driver, the excitation potential ( V) or current (/) 
and its phase referred to some time standard. 1 

It is instantly apparent that with all of these vari¬ 
ables an exhaustive investigation into all possible 
configurations is impracticall Instead I shall begin 
with an initial consideration of "simple" or simplistic 
Yagi antennas and will subsequently discuss a variety 
of departures from this simplistic design. I will define 
this (simple) class of Yagi antennas as those involv¬ 
ing a single driven element with one or more parasitic 
elements. No more than one "reflector" will exist, 
and all "directors," if any, will be uniform, i.e., they 
will have identical lengths and diameters. Moreover, 
all elements will be uniformly spaced along the 
boom. Additionally, the antenna will be in free space; 
we shall initially investigate only free-space per¬ 
formance properties. 

These restrictions may seem at first sight to be 
quite severe, but I hasten to remark that free-space 
performance will relate to actual performance over 
ground or earth (to be discussed in a later article) and 
the simplistic Yagi antenna, as defined above, can, in 
many instances, provide performance levels fully as 
good as those from more sophisticated designs. Fur¬ 
thermore, we can learn a great deal about Yagi 
antenna performance from studying these simple de¬ 
signs and, as we shall see, will develop useful con¬ 


ceptual ideas about Yagi behavior and ideas for 
"best" design. 

Throughout this investigation of simplistic anten¬ 
nas I will choose element dimensions (radii) charac¬ 
teristic of "normal" 14 MHz construction (RO = 
0.000526 X). The results can be translated to any 
other element dimension by proper scaling calcula¬ 
tions; scaling rules will be given later. 

two-element beams 

I shall begin with a 2-element Yagi beam involving 
one parasite which can act either as a "reflector" (for 
frequencies above its resonance) or as a "director," 
For such a beam there are only two fundamental vari¬ 
ables: The physical separation of the two elements 
along the boom and the physical length of the para¬ 
site! The exact length of the driven element is of little 
consequence as far as gain and pattern are con¬ 
cerned; it does, however, affect driving-point im¬ 
pedance (especially reactance) which is considered 
later. Since we shall be interested first in a frequency 
swept plot of the gain and F/B properties, the 
physical length of the parasite can be fixed; as we in¬ 
crease the frequency from well below to well above 
the parasite free-space resonant frequency we can 
observe the properties of the beam first where the 
parasite behaves as a director and secondly as a par¬ 
asitic reflector. 

The computation methodology I shall use is that 
given explicitly in an earlier article. 1 In all cases of the 
2-element beam I have used a cylindrical length, LE 
= 0.48167 \ 0 , and a radius, RO = 0.0005260 \ 0 for 
both parasite and driver; this makes each element's 
isolated free-space resonant frequency, FR, equal to 
unity on the normalized frequency, F, scale, where F 
= f/f 0 = 1. The frequency itself is varied in steps 
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fig. 1. Frequency swept gein plots of 2-element Yegi anten- 
nes with different element specings, S, where the peresitic 
element sets as a reflector. 


fig. 3. Frequency swept gain plots of 2-element Yagi anten¬ 
nas with different element spacings, S, where the parasitic 
element acts as a director. 


from about 90 per cent (F = 0.9) to 1T0 per cent (F 
= 1.10) of the central frequency (F = i.0); these 
steps were made sufficiently small to fully show the 
behavior of the beam. Element separation, S, meas¬ 
ured in wavelengths at the central frequency, f a , is 
varied from 0.025 to 0.5, again in steps sufficiently 
small to bring out essential behavior. 

Fig. 1 shows the frequency swept gain of the 2- 
element Yagi antenna for several element spacings, 
S, where the gain is positive in the direction of 
parasite towards driver, i.e., where the parasite acts 
like a reflector! Each curve represents a particular 
spacing, S, appropriately keyed in the legend. Fig. 2 
is a similar frequency swept plot of the free space 
Front-to-Back ratio, F/B, for the same series of ele¬ 
ment separations, S. Figs. 3 and 4, in the same for¬ 
mat, show the gain and F/B where the parasite acts 
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fig. 2. Free-spece front-to-beck retio for the 2-element Yegis 
vs different element specings, 5 (peresitic element ecting es 
a reflector). 


like a director, i.e., where the gain is positive in the 
direction of driver towards parasitel 

Examination of these performance plots, together 
with additional information on computed driver input 
impedance, reveals a number of interesting facets of 
the behavior of 2-element Yagi beams. First I show in 
fig. 5 a plot of the gain at central frequency (F = 1) 
only as a function of element spacing, S. This is 
similar but not identical with a plot shown on page 
147 of the ARRL Antenna Book) 2 3 it is possible that 
the differences, particularly at small spacings, are 
due to greater precision in the new calculations. In 
any case, I believe the implications of this plot may 
be somewhat misleading! 

You can easily see that the maximum gain(s) ob¬ 
tainable at the "best" frequency(s) in figs. 1 to 4 
look somewhat different! These are shown in figs. 6 
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fig. 4. Free-space front-to-back ratio for 2-element Yegis vs 
different element spacings, S. (parasitic element acting as a 
director). 
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fig. 5. Plot of gain of a 2-element Yagi at central frequency 
(F = 1) as a function of element spacing 5. 

and 7, where for reference the curve for F = 1.0 is 
also shown. You can see that the obtainable gain 
does not depend greatly on whether the parasite is a 
reflector or a director as implied in fig. 5; moreover, 
the largest gain is obtained at very small spacings! 
This is a result which is not intuitive. Figs. 6 and 7 
can be compared with the early analysis by Brown,3 
and there appears to be good agreement. However, 
the result shown on page 146 of the ARRL Antenna 
Book which cites Brown's analysis is somewhat dif¬ 
ferent. The fall off in maximum gain for low spacings 
shown by the ARRL reference does not appear to 
agree with Brown nor does it substantiate the calcu¬ 
lations I have made (figs. 6 and 7). 

If you examine the maximum gain(s) shown in 
figs. 1 and 3 for best frequency and corresponding 
(driver) driving-point impedance, you obtain the 
values shown in table 1. A plot of R is shown in fig. 
8 which can be compared with a similar diagram 
shown on page 147 of the ARRL Antenna Book, 2 
except for low values of S, agreement is fairly satis¬ 
factory. 

You can see from table 1 and fig. 8 that element 
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fig. 6. Gain of a 2-element Yagi vs element spacing; parasite 
a reflector . 
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fig. 8. Driving point resistance of a 2-element Yagi vs ele¬ 
ment spacing. 

spacing affects (driver) driving-point resistance, and, 
therefore, circuit loaded Q (Qz.) over a very large 
range! This factor, as well as the gain curves shown 
in figs. 1 and 3 set a practical limit to the achievable 
gain over a desirable bandwidth, e.g., perhaps 4 per 
cent in F. Moreover, the higher values of (radiation) 
loaded Q will, in practice, cause circuit resistive 
losses to be large and therefore the antenna efficien¬ 
cy to be low! Thus, in practice, really short booms 
are not very desirable; one must choose between ef¬ 
ficiency and bandwidth on the one hand, and gain 
and F/B ratio on the other! 

Long booms, however, also appear undesirable 
because gain really falls off (primarily due to reduced 
excitation of the parasite). Furthermore, for booms 
longer than 0.3X a new phenomenon can be seen 
from a detailed computational analysis’(not shown 
here). The front lobe of radiation begins to "dimple" 
in the forward direction, resulting in a pattern where 
the gain maximum occurs at an elevation angle other 
than zero with respect to the boom direction. (The 
gain shown in figs. 1 to 4, however, is just the 
energy flux in the direction of the boom referenced to 
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fig. 7. Gain of a 2-element Yagi vs element spacing; parasite 
a director . 
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fig. 9. Gain, front-to-back ratio {F/B). and feedpoint impe¬ 
dance IR and x) as a function of frequency for a 2-element 
Yagi (parasite as a reflector). S = 0.1)\ at central frequency. 


fig. 10. Gain, front-to-back ratio )F/B). and feedpoint impe¬ 
dance (A and X) as a function of frequency for a 2-element 
Yagi (parasite as a director). S = 0. lf \at central frequency. 


an isotropic radiator.) This pattern effect was pre¬ 
dicted by Brown 3 and shown in Kraus, page 294. 4 

Note that the 2-element Yagi gives respectable 
performance in gain for a wide range of element sep¬ 
arations! However, the F/B figures are not especially 
impressive; moreover best F/B does not occur at the 
same frequency as best gain! Thus, in designing a 2- 
element Yagi beam a practical compromise is neces¬ 
sary. If you wish to obtain good gain with at least a 
fair F/B ratio over a bandwidth of say 4 per cent, you 
can determine by inspection of figs. 1 through 4 and 
table 1 that a 2-element beam should have a boom 
length of perhaps 0.15 wavelength. For such a boom 
the gain is essentially independent of whether the 
parasite is a reflector or a director; moreover, the F/B 
is about equivalent for either situation. 

To move the peak of the gain curve(s) in figs. 1 to 


4 to center frequency, the parasite length is adjusted 
commensurately; to reduce central frequency (driv¬ 
er) reactance, the driver length is adjusted. 

These characteristics of 2-element beamsare shown 
in figs. 9 and 10 with a frequency-swept plot of each 
design. Note that each of these figures show gain, 
F/B, R and X of the driver. They illustrate the kind of 
design compromises which must be made. They also 
show the frequency-swept behavior of the main per¬ 
formance parameters. 

The “best" central frequency is a matter of choice 
and is a compromise between gain and F/B ratio; it is 
adjusted by the length of the parasite. The (driver) 
driving point resistance and reactance vary signifi¬ 
cantly with frequency! Note that you cannot general¬ 
ly specify "a" resistance except at a single frequency 
such as the central design frequency; also note that 
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table 1. Maximum gain and feed-point impedance of a 2-element Yagi at various element spacings. 

-reflector- -director- 


gain 

7.244 

7.218 

7.158 

7.122 

6.964 

6.722 

6.406 


9.679 

15.551 

29.577 

44,625 

61.400 

72.656 


ohms 

11.163 

20.371 


38.574 
34.700 
31.612 
16.936 
- 0.378 
-29.152 


Ql 

924.90 

237.30 

99.13 

59.66 

28.90 

17.38 

11.01 

8.37 


max. 

gain 

7.410 

7.461 

7.417 

7.300 

6.800 

6.115 

5.383 


0.990 

0.970 


0.900 

0.900 


1.091 

4.108 

9.801 

15.253 

27.452 

37.979 

48.183 

57.242 

64.194 

70.739 


- 10.029 
-17.556 
-29.917 
-34.122 
-44.157 
-49.407 
-59.362 
-80.457 
-104.165 
-103.310 


<L 

1003.00 

265.50 

104.74 

63.03 

30.56 

20.64 

15.28 

12.27 

10.62 
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feedpoint reactance is not a linear function of fre¬ 
quency. This is caused by the combined effect of self 
and mutual impedance of the elements. 

You can adjust the frequency of the zero reactance 
point by the exact length of the driver; this has been 
done only approximately in figs. 9 and 10. However, 


note that the adjusted driver lengths are quite dif¬ 
ferent for the two cases, and each driver length is 
also different than the length for a single isolated 
resonant dipole in free space! These differences are 
again caused by mutual reactance coupled into the 
driver by the parasite. 


22 HS may 1980 













05X. 800M. 

T- 








ft 

, 


£ 






Vi 

V 








fa 

fa 





ft 





V 





3 




r 






\ 

& 

■ 










k 



















J 

$ 

v 












FREQUENCY 


0.5X. BOOM 

















































s' 








i 

1 

% 

- 

3 



8k 


- 


FREQUENCY 


0.6X 

BOOM 











% 



fa/ 



K 



_ 




-- 

— 

— 


5 

-- 



:zi 





1 




Gain and front-to-back (FAB) ratio for three-element Yagi beams; boom lengths from O.fK to 0. 7Xo. 


table 2. Yagi antenna parameters and range over which one 
has been varied for this study. 


parameter 

Number of elements, N 
Boom length, ‘‘- R 
Reflector 
Director 


exploration/display 

N= 3,4, 5, 6, 7 

Generally up to 1. }\ 
f„ = 0.98 to 0.93 
f R = 1.02 to 1.07 


more than two elements 

I will now turn to an analysis of simplistic Vagi 
antennas having more than one parasite. In all cases 
there will be only one reflector and all directors will 
have identical lengths. All elements are uniformly 
spaced along the boom. I shall display for clarity only 
the essential frequency-swept gain and frequency- 
swept F/B behaviors; the driving point impedances, 
all of which were computed, are of secondary inter¬ 
est at this point. For these Yagi antennas there are a 
number of parameters which should be systemati¬ 
cally explored. Table 2 shows these parameters and 
the range over which each has been varied. To dis¬ 
play results in a consistent way I have chosen for 
each frequency-swept plot a fixed number of ele¬ 
ments and a fixed overall boom length, i B ' 
measured in wavelengths at the central frequency. 
On each plot there are six numbered curves; each 
number designates a particular parasite "tuning" 
combination; these combinations are shown in table 


3. The lengths and free space resonant frequencies 
of parasites are shown for each numbered combina¬ 
tion. 

The curves of fig. 11 show the results for 3- 
element beams as boom lengths, i B , are varied from 
0.100 to 0.700 wavelengths. It is apparent from an in¬ 
spection of these plots that the performance is supe¬ 
rior to that of the 2-element beams; this is especially 
true in the F/B ratio. As you increase boom length 
the maximum gain increases (unlike that for 2-ele¬ 
ment beams); the F/B increases spectacularly, then 
decreases again. For this class of Yagi antennas 
there seems to be a best boom length; we shall see 
this kind of result for all of the simplistic Yagis and 
the physical explanation will soon be apparent! 

Note that the chief parameter controlling the band¬ 
width over which gain remains high is the (resonant) 


table 3. List of parasitic lengths and resonance in terms of 
the center frequency for the six numbered curves on each of 
the graphs of antenna gain and F/B ratio (figs. 11 and 12). 


reflector 
length resonance 

0.49150X 0.98 

0.49657X 0.97 

0.50174X 0.96 

0.507Q2X 0.95 

0.51241X 0.94 

0.51792X 0.93 


director(s) 
length resonance 
0.47223X 1.02 

0.46764X 1.03 

0.46314X 1.04 

0.45873X 1.05 

0.45441X 1.06 

0.46016X 1.07 
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frequency separation of reflector and director; this 
observation will also prove to be generally true for all 
simplistic Yagi antennas! The bandwidth of the F/B 
performance (when the F/B is very high) is small; 


this is due to the critical nature of low back radiation. 

Back radiation is very low only when there is vec¬ 
torial cancellation of field in the back direction; this 
comes about only where element complex currents 
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Gain and front-to-back {F/B) ratio for four-element Yagi beams; boom lengths from 0.6\o to l.OXo. 

are accidentally favorable for such cancellation. ceptionally high it will be so only over a very narrow 
When this happens very small changes in those cur- frequency band! 

rents, e.g., by shifting frequency slightly, will destroy Similar results for 4-element simplistic beams are 

the favorable vectorial cancellation. This general re- shown in fig. 12; results for 5-, 6-, and 7-elements, 

suit is inherent in all Yagi antennas; if the F/B is ex- although not plotted here, show increasing complex- 
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ity with number of elements of the frequency-swept 
plots; this is caused primarily by the larger number of 
resonances in the system. The gain “cutoff" at high 
frequencies is also increasingly abrupt due no doubt 
to the large number of directors (which shift over to 
"reflectors" at high frequencies). F/B curves 
become very complex. Moreover, really high values 
of F/B (greater than 30 dB) are quite rare; it is very 
difficult to find combinations where vectorial cancel¬ 
lation in the rear direction is nearly complete! 

summary 

Simplistic Yagis with two, three, and four ele¬ 
ments with boom lengths to 2.OX have been system¬ 
atically explored, and it has been shown that the gain 
function is generally not flat and the F/B ratio varies 
greatly from one example to another. Next month I 
will continue this discussion with a series of graphs 
which show gain and front-to-back ratio for 6-ele- 
ment Yagis with boom lengths up 1.5\. I will also 
compare the performance characteristics of Yagis 
with up to seven elements and present interesting 
new data on the subject of front-to-back ratio. 
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notes on 

ground systems 



How to provide 
an effective 
ground system 
for your station 
and howto measure 
ground-system 
resistance 

The old timers, took their ground systems very 
seriously. Quoting from Practical Wireless Telegra¬ 
phy by Elmer E. Bucher, (1921): 

The earth plate is sometimes very elaborate and 
may consist of a great number of copper or zinc 
plates buried in moist ground to a depth of sev¬ 
ers I feet. 

Most ham stations don't have a proper ground, or, 
in many cases, none at all. The ground system must 
have very tow resistance for good performance of 
receiver and transmitter and for reducing radio-fre¬ 
quency.interference. 


A good ground system makes as good a contact as 
possible with the earth. A large surface area, as well 
as depth to moist earth, is essential. Several ground 
rods of large-diameter copper (at least 5/8 inch or 16 
mm) will meet these requirements if driven in 6 to 8 
feet (1.8-2.5 meters). 

In this article I discuss the delta-Y ground-rod con¬ 
figuration, which is efficient and far superior to a sin¬ 
gle ground rod, utility ground system, or water pipe. 
Also discussed is a straightforward method of meas¬ 
uring net resistance of the ground system. 

system considerations 

If desired, three rods may be used in a delta ar¬ 
rangement without too much increase in the net 
ground resistance. The delta or V configuration isn't 
mandatory but does provide a convenient way of 
measuring the net ground resistance and thereby a 
means of determining the quality of the ground 
system. 

An ac voltage is employed to measure the resis¬ 
tance to avoid dc electrochemical effects such as 
battery action and polarization. If available, an ac 
megohmmeter could be used to measure the resis¬ 
tance between the respective ground rods. 

The ground rods should be copper or copper-clad 
steel and 6-8 feet (1.8-2.5 meters) long. Ground rods 
using 3/8-inch (9.5-mm) copper clad steel are gener¬ 
ally available. Five-eighths inch (16-mm) copper tub¬ 
ing would be better but in some soils it may be very 


By. I.L. McNally, K6WX, 26119 Fairlane Drive, 
Sun City, California 92831 
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fifl. 1. Delta configuration of ground rods for measuring the 
net resistance of the system to ground. Ground rods are 
designated R1, R2, and R3; R A , R B , R c , R 0 , R E , and « f are the 
ground resistances between the designated rods. 


difficult to drive. Aluminum should be avoided, and 
galvanized steel is not very satisfactory. 

Do not use the electric utility ground bus, as the 
common impedance will introduce the noise and in¬ 
terference on that ground wire. Water pipes are not 
very satisfactory for a variety of reasons. 1 Many 
times, if copper plumbing is used in the house, the 
copper pipe extends only about 10 feet (3 meters), 
and from there on plastic pipe is used. With galvan¬ 
ized pipe, the resistance of the coupling joints as well 
as the surface resistance may be quite high. The fact 
that the pipe is full of water does not contribute to its 
effectiveness as a ground. 

The antenna tower or mast should not be connect¬ 
ed to the station ground because of the hazard of 
lightning; furthermore, never ground the tower down 
through the concrete foundation; a lightning strike 
would probably shatter the concrete. All ground 
leads from the equipment to the ground bus should 
be as short as possible. One-half inch (12.5-mm) or 
wider copper braid, tinned at each end and drilled for 
strapping to the ground terminal, makes a satisfac¬ 
tory and flexible connection. 

The connecting wires should be as large as possi¬ 
ble: no. 10 or no. 8 (2.6 or 3.3 mm) copper to keep re¬ 
sistance and reactance as low as possible. Two wires 
in parallel are equivalent to three sizes larger; hence, 



fig. 2. Test setup for measuring ground resistance. When 
the voltage is adjusted to provide 1 ampere of current, the 
value of the voltage is equal to the resistance in ohms. 


two no. 10 (2.6 mm) wires would be equivalent to a 
single no. 7 (3.7 mm) wire. The dc resistance of no. 7 
(3.7 mm) copper wire is 0.5 ohm per 1000 feet (305 
meters), so for connecting lengths less than 10 feet 
(3 meters) the dc resistance would be about 0.005 
ohm. Because of skin effect, the rf resistance will be 
higher; at 14 MHz it would be about 0.35 ohm. 

Avoid connecting lengths that are a half wave¬ 
length or multiples thereof at the operating frequen¬ 
cy, because they would act like a half-wavelength 
antenna. Also avoid quarter wavelengths, as they 
present a very high impedance at the resonant fre¬ 
quency. 

Do not let a bare ground wire to the equipment 
touch any metal, as the intermittent contact will in¬ 
troduce serious noise. 

resistance measurements 

The following procedure may be used to determine 
the net resistance of the delta-Y configuration to 



fig. 3. Proper method for connecting the ground rods to¬ 
gether for the station ground. 


ground (see fig. 1). In the following example, the 
delta sides are 9 feet (2.7 meters). 

Using an isolation transformer, Variac, ac volt¬ 
meter, and ac ammeter as shown in fig. 2, determine 
the resistances between each pair of ground rods. 
Use the Variac to adjust the voltage until 1 ampere is 
obtained. Then the value of the voltage will be equal 
to the resistance in ohms. Determine Ra, Rb. Rc, 
Rd, Re- and Rf in this manner. 

Calculate Rf 

Ri = -j(Ra + Rc- Rb) (1> 

which is one half of the sum of the two adjacent legs 
of the delta minus the opposite leg. 

Likewise calculate: 

R 2 = \ (Ra + Rb~ Rc) (2) 

Rj = \ (Rb + Rc~ Ra) 13) 

R4 = \ (Rd + Re ~ Ra) (4 > 
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R t , R 2 , R 3 , and R 4 should be essentially the same, 
and if so, the net resistance of the configuration to 
ground will be 

R = % (5) 

If the values of Rj, R 2 , .R^and R 4 are significantly dif¬ 
ferent, calculate the net resistance of the four in 
parallel. The value of the individual rod-resistance-to 
ground is about 10 to 20 ohms and depends on the 
type of soil, moisture content, depth, and rod size. 


The net resistance of the connected rods should be 
less than 5 ohms. The rods are connected as shown 
in fig. 3. 


calculating wire inductance 

The self-inductance of a single wire may be cal¬ 
culated by the following formula (National Bureau of 
Standards Circular No. 74): 


L = 0.002 l (2.303 log - 1) piH (7) 


Example: 


l = 9feet (274 cm) 

d = no. 7 AWG = 0.14 inch (0.36 cm)2 
L = 0.002 x 274 (2.303 log 4 -~ 3 2 6 74 - 1) 

= 4tiH 

At4MHz, Xi_ = 2ir*4'4 = 100ohms 
Contrast this with the reactance of a 25-foot (8- 
meter) length of no. 16 (1.3-mm) ground wire, which 
would be over 200 ohms. The length and size of the 
wire are the determining elements of the resulting in¬ 
ductance, so it's readily seen that the length must be 
as short as possible and the wire size as large as 
possible. 

The procedure used in determining the ground re¬ 
sistance is covered on page 257 of the Government 
Printing Office publication DCAC 330-175-1 adden¬ 
dum 1. 
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dual quad array 


for two meters 


Design and construction 
of a quad array 
that challenges 
a Yagi-Uda 
with the same 
number of elements 


Several months of work on two meters with quad 
antennas of various designs and configurations have 
resulted in an improved design using all-metal con¬ 
struction. The driven elements are of the closed-loop 
type, 1 employing an improved feed method that pro¬ 
vides ease of adjustment and an excellent match to 
the feed system. 

This construction method offers several advan¬ 
tages, both mechanical and electrical, over the usual 
insulated-spreader type of quad layout. The all-metal 


structure will withstand severe environmental condi¬ 
tions such as high wind or ice loading. It also pre¬ 
sents a grounded system for electrical charges that 
may be induced by a severe electrical storm. 

description 

The dual quad array consists of two 4-element 
quads mounted on a common cross boom spaced ap¬ 
proximately 5/8 wavelength apart. The quads are 
connected by 3/4-wavelength phasing sections of 
RG-59/U foam-filled coax. (More on this later.) 

Basically, a quad antenna is a one-wavelength 
conductor that may take the form of a square, dia¬ 
mond, or round loop. Regardless of configuration, 
the quad antenna's electrical characteristics remain 
essentially the same. In this article I refer to it as a 
quad loop. 

The two halfwave dipoles diagrammed in fig. 1A 
show the formation of a quad loop. They have two 
low-impedance points, so they may be mounted to a 
metal support without affecting their electrical char¬ 
acteristics. The voltage curve along a halfwave di¬ 
pole shows maximum voltage at the ends, with the 
center at zero potential (low impedance), this being 
points A and B of the dipoles. 

If the dipoles are spaced 1 /4 wavelength apart and 
their ends folded over at the 1 /8-wavelength points 
and joined together, a cubical quad is formed (fig. 


By Neal H. Brown, W7SLO, 516 East McMillan 
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fig. 1. Principles of a quad antenna. Two halfwave dipoles 
form a quad loop, (A). A cubical quad is formed by folding 
the ends at the 1/8-wavelength points, (B). Mounting points 
A and B are at zero rf potential. Polarization depends upon 
feedpoint: vertical when fed from side, horizontal when fed 
at top or bottom. 

IB). Points A and B remain at zero rf potential so 
long as the feedpoint is at either A or B. 
feedpoint considerations 

The feedpoint to a quad loop determines the 
voltage and current distribution around the loop as 
well as the polarization of the emittted wave front. 

The quad loop looks and performs like two half¬ 
wave dipoles connected back-to-back. If the quad 
loop is fed at either side, maximum current flow oc¬ 
curs in the vertical sides; hence it's vertically polar¬ 
ized. If fed at either the top or bottom, the voltage 
and current nodes are shifted around the loop by 
90 degrees and the quad becomes horizontally 
polarized. 

loop configuration 

Circular loops are used in the dual quad array 
described here. They are easily formed and perform 
slightly better than the other configurations at the 
higher frequencies. (High-frequency currents don't 
like sharp bends or abrupt changes, and the circular 
configuration offers a more uniform transition from 
the low-to-high impedance points around the loop.) 

The circumference of the driven loops can be de¬ 
termined by a simple equation. Circumference of the 
loop is: 

c = 12,060 
/(MHz) 

where C is the loop circumference in inches. For cen¬ 
timeters, the numerator in eq. 1 is replaced by 
30.624. The driven loops were cut to 82 inches (208 
cm), which is near the center of the 2-meter band. 
The reflector is 2 inches (51 mm) longer, and the di¬ 
rectors progressively 2 inches (51 mm) shorter. Spac¬ 
ing is 16 inches (406 mm) on the reflector and 12 
inches (305 mm) on the directors, 
matching system 

Common practice is to open the loop at the desired 


( 1 ) 


feedpoint and attach a 50-ohm feedline. This practice 
gives an acceptable match, but it has been found 
that a more desirable method is to leave the loop 
closed and feed it with a modified gamma match as 
shown in fig. 2. This method makes for an easy ad¬ 
justment of SWR and gives an excellent match to the 
phasing harness. The gamma rods are 8 inch (203 
mm) lengths of 1/4-inch (6.5-mm) copper tubing. 
The gamma capacitor is a miniature Johnson vari¬ 
able. A cap with 15-20 pF maximum capacitance is 
sufficient. The capacitor is mounted in a plastic tube 
and sealed for weather protection. [I used 1 inch 
(22.5 mm) diameter plastic pill boxes in the original 
construction.] 

construction 

Construction of the array is quite simple. Hand 
tools will be adequate for the job. Most of the materi¬ 
als are off-the-shelf items obtainable in any hardware 
store. 

The main framework (fig. 3) is constructed of thin- 
wall 1 /2-inch (12.5-mm) electrical conduit. Pipe 
straps, as used for mounting 1/2-inch (12.5-mm) 
tubing, are used throughout the assembly for mount¬ 
ing the loops and securing the 1/2-inch (12.5-mm) 
conduit to the mounting points. 

The loops (fig. 4) are constructed of no. 8 (3.3- 
mm) aluminum wire sold as TV ground wire. Two 
strands of this wire are used in each loop. The 
strands are tightly twisted together to form a semi¬ 
rigid conductor. 

1. Clamp the two ends of the wire in a bench vise 
and chuck the other ends into an electric drill motor. 
Keep the wires evenly spaced by applying a little 
pressure. 

2. Turn on the drill motor and the wires will be tightly 
and evenly twisted together. 

3. Cut the wires about 6 inches (152-mm) longer 
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fig. 3. Construction of the main framework of the dual 2- 
meterquad. 


than the desired loop, as they will be shortened by 
the twisting action. 

4. Hand form them into a loop that will be rigid when 
mounted to a metal cross member. 

The insulated mounting rings to which the gam¬ 
ma rods are attached are cut from 1 /4-inch (6.5-mm) 
plexiglass or phenolic. Use a 1 x 3/4 inch (25.4 x 19 
mm) hole saw. 

1. Drill the centers to slip over the 1/2-inch (12.5- 
mm) conduit cross member. 

2. Flatten the copper tubing gamma rod ends in a 
bench vise and drill for mounting to the insulating 
rings. A half-circle strap connects the ends of the 
gamma rods together; this may be made of copper or 
thin aluminum. 

3. Drill the center of the strap for a 6-32 (M3/5) 
screw, which secures a solder lug at this point. 

This solder lug is the feedpoint and connects to the 
inner conductor of the phasing harness. The coax 
braid is being attached directly to the cross boom 
and secured by another screw and solder lug. 

phasing harness 

The phasing consists of two equal lengths of RG- 
59/U coax cut to ah electrical 3/4 wavelength and 
terminated in the center to an SO-239 connector to 
which the main 50-ohm feedline connects. Because 
of the coax velocity factor, the actual length will be 


shortened by this factor. Unfortunately, the propaga¬ 
tion velocity will vary between cables of different 
coax brands. 

Foam-filled cable comes out to be near 47 inches 
(119 cm) for 3/4 wavelength at 2 meters, while the 
solid type comes out near 36 inches (91 cm). 

The recommended method of determining the elec¬ 
trical length is to cut a length of cable slightly longer 
than the estimated length required. Short one end 
with a small pickup loop and couple this loop to a 
grid-dip oscillator. Carefully trim off the free end until 
you get a dip near the center of the 2-meter band. 

tuneup 

Each quad section is tuned separately. 

1. Connect a 50-ohm feedline from the transmitter to 
the solder lug feedpoint. (The coax shield is ground¬ 
ed directly to the cross boom.) 

2. Set the shorting strap that connects the lower 
gamma rod to the radiator four inches (102 mm) be¬ 
low the feed point. This dimension may be adjusted if 
unity SWR is not obtained by adjusting the gamma 
capacitor. 

3. Insert an SWR meter into the line, preferably near 
the antenna where it may be easily observed. 

4. Apply power to antenna at a frequency near the 



fig. 4. Construction of the driven loop and gamma-match 
capacitor (A). Sketch (B) shows reflector and director 
mounting details. 
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center of the 2-meter band. Use reduced power to 
prevent interference. 


5. Note meter reading. With an insulated tool, adjust 
the gamma capacitor until a reading of near unity 
SWR is obtained. Use the same procedure for the 
other quad. 

6. Now connect the phasing harness and main feed¬ 
line. A slight adjustment of the gamma capacitor will 
again bring the SWR reading to near unity. 

You must, of course, observe the usual precau¬ 
tions of having the antenna in the clear while making 
these adjustments. Height above ground doesn't af¬ 
fect the quad as much as the Yagi for tuneup adjust¬ 
ments. You are now ready for on-the-air tests with 
that distant station you've been unable to work. 

in retrospect 

Those familiar with the Swiss quad have no doubt 
noted that it's also an all-metal design, with closed 
loops and a modified gamma match.2 The Swiss 
quad has been popular in Europe for several years 
and is now making an appearance in this country. It's 
a very good antenna, but I must add that the dual 
quad array shown here has out-performed it at my 
location. 

Over the years, there's been much controversy 
concerning the relative merits of the quad versus the 
Yagi. 3 My only comment is this: Compare this dual 
quad array with your favorite Yagi, with a com¬ 
parable number of elements, using on-the-air tests 
with a distant station. I think you'll find that on-the- 
air tests don't always agree with gain measurements 
made on an antenna range under controlled condi¬ 
tions. 

This quad array has a low takeoff angle of radiation 
and will work quite well at low heights above ground. 
It's very tolerant of variations in dimensions and very 
easy to match. Directivity is very sharp; a variation of 
a few degrees can mean the difference between an 
SI and an S9 signal. If you wish to use the array for 
horizontal polarization, rotate the array 90 degrees so 
that the quads are stacked one above the other. 
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automatic 

VSWR and power meter 


Design and construction 
of an instrument 
that indicates 
rf power and VSWR 
simultaneously 

One of the most common station accessories used 
by the Amateur Radio operator is the VSWR meter, 
which determines the voltage standing wave ratio 
between transmitter and antenna. VSWR is a 
measure of the quality of the system match, or may 
be looked at as a measure of system efficiency. Many 
articles have been written stating that a high VSWR 
doesn't usually seriously degrade transmission-line 
performance. Also the articles have correctly stated 
that reduction in radiation efficiency caused by 
antenna nonresonance is barely noticeable. 

Now that most Amateurs are convinced that their 
80-meter dipole will work from 3.5-4 MHz even 
though the VSWR may be high at either end, they're 
faced with the VSWR limitation of their transceiver. 
To solve this problem, a transmatch or antenna tuner 
is placed between transmission line and transmitter. 


In light of the previous comments, it's not as 
important to use a VSWR meter to monitor the trans¬ 
mission line VSWR as it is to monitor the VSWR 
between transmitter and antenna tuner. 

The antenna tuner introduces more knobs to be 
adjusted during tune up and can cause some delay in 
tune up because of interaction between loading 
adjustments. Also, because of the moderate Q 
involved in the tuner, you can easily encounter 
VSWRs from infinity to 1:1 while adjusting the tuner. 
Thus, it's usually desirable to do initial tuning at low 
power and final tuning at full power. The wide range 
of power and VSWR encountered during tuner opera¬ 
tion makes use of the conventional VSWR meter diffi¬ 
cult, because the REF or CAL point changes, which 
causes inaccurate VSWR readings. This is where an 
automatic meter can greatly speed up the tuning pro¬ 
cedure, because the VSWR-meter readings are accu¬ 
rate and independent of power level down to some 
minimum power level. 

automatic VSWR meter 

The automatic VSWR meter described in this arti¬ 
cle is unique, versatile, and easy to use. The basic 
circuit design is covered by U.S. Patent 4,110,685. 
It's battery operated and has an automatic ON/OFF 
feature for extended battery life. Two meters that 
display power and VSWR simultaneously give a 
greater feel for how well the transmitter is operating 
on a continuous monitoring basis. Also, the two- 
meter display of power and VSWR as independent 

By Virgil G. Leenerts, W0INK, 1007 West 30th 
Street, Loveland, Colorado 80537 
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Inside view - complete instrument. 


parameters greatly speeds up antenna loading 
adjustments and gives greater confidence that the 
transmitter is operating properly without any switch¬ 
ing, reference setting, or mental calculations. 

how it works 

As in all VSWR meters (fig. 1), an in-line direction¬ 
al coupler senses and develops a voltage proportional 
to the forward and reflected voltage on the transmis¬ 
sion line. The directional coupler in this instrument 
also has a diode compensation network to provide 
additional linear range at low levels. It also senses 
when rf is present to saturate a transistor, which is 
used to turn the instrument on. 

The signal from the directional coupler that senses 
rf power is fed to a circuit that uses transistors to turn 
the supply voltages of +16 and -9 volts to the ana¬ 
log computing circuits ON or OFF. 

The directional-coupler dc outputs are connected 
to fet input buffer amplifiers to provide a high-impe¬ 
dance load to the directional coupler outputs and low 
impedance outputs for the logarithmic amplifier and 
wattmeter. 

Dc outputs Vp and V R are linearized to provide 
outputs that can be used directly. Thus Vp can be 
used to drive a wattmeter. Power is displayed in 
watts on a scale constructed by using the formula 



Since dc output voltages V F and Vr are developed 
by peak-detecting diodes, the wattmeter scale dis¬ 
plays two decades of power range; i.e., the 250-watt 
full-scale meter displays power from 2-250 watts. 
This can be seen in the photo of the meters. A peak 
detector whose output is calibrated to read volts rms 
or power can have errors if the signal has large har¬ 
monic content. However, in the rf transmitter appli¬ 
cations such as this, the signal usually has a very low 


harmonic content; thus the peak detector gives 
accurate results. 

The logarithmic amplifier develops a voltage at the 
output with a relationship proportional to the loga¬ 
rithm of the input voltage. At the log amp outputs 
are two voltages that are the logarithm of F/.-and Vr. 
An expression called return loss, which is used by the 
telecommunications and instrument industry, is 
defined as follows: 


return loss = 20 log 1 /p . . 

= 20logVp/V n 

where p = reflection coefficient 

By mathematical equality, eq.2can also be expressed 

return loss = 20 (log Vp- log Vr) (3) 
It can now be seen that if we take the difference of 
the two voltages, log P>and log Vr, the result will be 
a voltage proportional to the return loss in dB: 

Erl = log Vp- log V R (4) 

Return loss is related to VSWR by 

RL dB = 20log(VSWR + l)/(VSWR-1) (5) 

By scaling construction the meter can be made to 
display VSWR (see the VSWR-meter photo). Voltage 
Erl is the difference between voltages log Vp and 
log Vr, which is always present from the log amps. 
Thus VSWR is automatically and continuously dis¬ 
played with no need to set a reference and operate a 
switch. 
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VSWR-meter scale 


table 1. Reflection coefficient, p. VSWR. and return loss. 


One of the things you'll notice when you look at 
the VSWR meter scale (photo) is that it's "back¬ 
wards." With this meter you peak the VSWR meter 
as well as the wattmeter for best loading. 

Having VSWR = oo at the left-hand end of the 
meter is explained by the way VSWR is computed. 
Note table 1, in which the three parameters, reflec¬ 
tion coefficient, VSWR, and return loss, are 
tabulated. 

From this table you can see that when KSiwt = 
oo, return loss = 0 dB; and conversely, when 
VSWR = 1, return loss = oo dB. In this instrument 
rejurn loss is computed so the display of pstra = oo 
is no problem, because the subtraction of two equal 
voltages is easily made electronically. However, 



Wattmeter and VSWR mater scales. 



loss 

p VSWR (dB) 

1.000 => 0 
1.891 17.391 1 

1.794 8.724 2 

1.708 5.848 3 

1.501 3.010 6 

1.398 2.323 8 

1.316 1.925 10 

1.200 1.499 14 

1.126 1.288 18 

1.100 1.222 20 

1.063 1.135 24 

1.056 1.119 25 

1.032 1.065 30 

1.010 1.020 40 

1.003 1.006 50 

1.001 1.002 60 

1.000 1.000 » 


there's a problem in the display of VSWR = 1, 
because this value is equal to infinite return loss. 
Obviously, a display of zero to infinite return loss in 
dB is impossible. As a result, a practical limit must be 
selected, so I've chosen to limit return loss to 25 dB, 
or a VSWR of 1.12. 

This limit was chosen for practicality. A VSWR of 
1.12 represents an efficiency of 99.7 per cent of the 
available power being delivered to the load. Ivory 
Soap long ago convinced the consumer that 99.44 
per cent pure soap was good enough, and I feel that 
99.7 per cent of my transmitter power delivered to 
my antenna is good enough. 

With the VSWR scale is a scale called LOAD EFFICI¬ 
ENCY in per cent. This scale greatly enhances your 
feel for system efficiency. (There's always the ques¬ 
tion, Just what does VSWR mean and how much 
should I have?) The scale is also a constant reminder 
that there's a reasonable limit to how low you must 
keep the VSWR. Another practical reason for the 
limit in the displayed VSWR is that a directional 
coupler with isolation good enough to measure low 
VSWR numbers of high return-loss numbers is diffi¬ 
cult to construct. 

directional coupler 

The directional coupler is of conventional design 
and works on the principle described by Bruene; 1 
however the design of this directional coupler for 
specific applications wasn't covered. I've developed 
some simple formulas that can be used in predicting, 
to a good approximation, the values needed to 
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obtain the desired operation. Reference 1 covers the 
theory of operation and some considerations for the 
directional coupler design. I urge you to review this 
fine article. The basic circuit is shown in fig. 2 and is 
used to develop the formulas. 

Bridge balance. The basic principles of the direc¬ 
tional coupler is that, at bridge balance, the voltage 
presented to reflected diode detector CR r is zero and 
the voltage presented to forward diode detector CRp 
is Ed- The diode-detector voltage output is determined 
by two voltages proportional to the magnitude and 
phase of transmission-line voltage Ey and current 
JTie voltage proportional to transmission line current 
/, is made to appear in phase with /, on the reflected 
diode detector by the center-tapped resistor load for 
the current-to-voltage transformer. 

At bridge balance, and with a reference resistive 
load, Eq - Ed/2 is in phase on the reflected side 
and -180 degrees out of phase on the forward side. 
With these conditions the forward diode detector 
voltage is Eo + E D /2 = E D , and the reflected diode 
detector voltage is Eq - £ fl /2 = 0. 

When a load other than the resistive reference 
value is present, the bridge will not be balanced, and 
the voltages presented to the diode detectors will be 
determined by both magnitude and phase of the volt¬ 
ages Eo and Ed/2. The amount of unbalance is 
detected in the diode detectors. Their dc outputs 
result in the outputs, voltage forward Vp and voltage 
reflected V R , from which the ratio of these two volt¬ 
ages determines the VSWR. 

There's no unique solution that will completely 
design the coupler. Table 2 lists the main parameters 
and guidelines to design this type of directional 
coupler. From the previous paragraph note that, at 
bridge balance, E 0 = Ed/2 and also that the voltage 
presented to the diode is Ed- Since voltage E D across 


table 2. Design guidelines. 

parameter minimum 

diode voltage diode threshold 

voltage 

insertion none 

resistance 


value of Cl for none 

loading trans¬ 
mission line 

number of turns X, & 5-fiat 

on toroid core lowest frequency 

of interest 


C2>2J-C 0 


capacitance 


maximum 
diode breakdown 

power in resistor 
and design 
maximum 
XClzl0‘Z o at 
highest frequency 
of interest 
length of wire 
sl/20Xat highest 
frequency of 



Inside view — directional coupler. 


the diode is a parameter to keep track of, I've found it 
convenient to develop my formula using E D - 

Current transformer. Now for the expression to 
use for the current transformer. Assume the condi- 
tionsfora valid transformerare met. Then Ed = £,*/V, 
since the primary in this case has only one turn. Also 
£, = I, = sJP/R l ; and R = RjN 2 . Putting all 
this together, the expression to work with for design 
is 


E d = -jj- JpTrL (6) 

From this expression we see that, at a given power 
level, Ed is increased with increasing values of R and 
decreased with increasing number of turns. 

For the above expression to be true, current-trans¬ 
former action is assumed. To obtain this, the induc¬ 
tive reactance of the transformer secondary must be 
at the lowest frequency of interest. 

To compute the inductance of a toroid inductor, 
the expression L = N 2 LT/NT 2 is used. LT/NT is 
the Ap or inductance index of the toroid. If Ap is 
expressed in inductance per unit turn, the inductance 
of a toroid is the number of turns squared times A L 
or L = N 2 A L . After calculating the toroid induc¬ 
tance, the reactance at the lowest frequency of inter¬ 
est can be determined by 

X L = 2w/L (7) 

As for E d , the value of R and N also determines the 
directional coupler insertion resistance. Insertion 
resistance is equal to R divided by A#; R/ = R/N 2 . 
Insertion loss can also be expressed in dB for a 50- 
ohm system: 


, 100+Rj 

dB, = 20 log - "Jqq- 


The current transformer load, R, will have power 
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applied during operation, and the power in R can be 
calculated by 

P R = E? d /R ( 9 ) 

Thevoltageat the othersideofthe diode is determined 
by capacitive divider Cl and C2. Voltage-divider out¬ 
put E 0 is equal to E v times Cl divided by (Cl + C2). If 


ohms. The inductive reactance is easily greater than 
5 times 50 ohms, which is okay. Empirically, by wind¬ 
ing the toroid core, we find the length of wire to be 
18 cm. The maximum length of wire is approximately 

1 = in meters or 1 = 1 ^j 0 in centimeters. 


we let E v = -JP‘Rl and E 0 = E D /2 = 


In this case, 1 max = —4= 50 cm, which means 


(condition for bridge balance) and solve for C2, we 
obtain 


* C2 =j Cl ( 10 ) 

This expression is convenient because it's in terms of 
the two parameters usually adjusted to obtain the 
desired performance. 

In summary, here are the expressions needed to 
solve for the values of the components for a direc¬ 
tional coupler: 

N = yfPTRl (turns) 

L = N 2 »Ai (Ai is inductance per unit turn) 

Rj = R/N 2 (ohms) 

Pr = E 2 d /R (watts) 

Design example. To gain a feel for using the formu¬ 
las, let's work out the values used for the directional 
coupler in this article. (See the basic circuit, fig. 2). 
In this case I'm operating the diodes in a peak-detect¬ 
ing mode, so I'll select the diode voltage to be 10 
volts rms when the maximum power of 250 watts is 
applied through the directional coupler. Also I'll 
select R to be 50 ohms and the frequency range to be 
1.8-30 MHz. These initial design parameters will 
allow the component values to be calculated. 

The number of turns, N, for the toroid is 


N = 


R_ 

Ed 


_ 50 ohms yj250 watts 

10 volts 50 ohms 


11.18 turns 


Since we can't wind fractional A L turns, the number 
of turns are rounded off to 11, which will be used in 
the following calculation. 

Now we check to see if the number of turns is okay 
for inductance. Calculate L = N Z A L where A L = 
2.1yH per turn for the Ferroxcube toroid core num¬ 
ber 266T125 (fig. 3) and we find L = 112.2.1 = 
254fiH. At 1.8 MHz, the inductive reactance is 2872 


my 18-cm length of wire is okay. 

The insertion resistance is = R/N 2 = -jjj = 
0.4 ohm, and the power in the resistors at full scale is 

Pr = Eq2/R = = 2 watts, or 1 watt per 

resistor. The values obtained are acceptable. A 25- 
ohm, 1-watt resistor is a practical value, and an inser¬ 
tion resistance of 0.4 ohm, which translates to a 
0.04-dB loss, is reasonable. If, during this step, the 
power in the resistor is too high or insertion loss is 
unacceptable, you'd adjust either R or Nor both and 
try again until an acceptable answer is obtained. 

Capacitor values are determined by first selecting 
the value of Cl, which should have an impedance of 
approximately 10*Zo or 500 ohms at 30 MHz. The 
maximum value of capacitance is 10 pF. Since there 
are two C/s, each Cl has a maximum-value of 5 pF. 
To obtain some margin. I've selected 3.3 pF for Cl. 
From this selection of Cl, C2 can be calculated by: 



= 3.3 [22- 1] = 69 pF 

The diode capacitance is about 2 pF maximum; 
therefore C2 should be greater than 2«25 or 50 pF. 
We must adjust the bridge so that £ 0 = Ed/2 for 
balance, so either Cl or C2 is made adjustable. 

In summary, we find that for a 250-watt, 1.8-30 
MHz directional coupler, the following values will 
work: R/2 = 25 ohms; 11 turns on the toroid core; 
Cl = 3.3 pF, and C2 = 69 pF. I've verified that the 
preceding values will give the desired performance. 
The calculated values are ideal, and in practice the 
results will be slightly different. However, I've found 
from building a number of different types of direc¬ 
tional couplers that the calculated and measured 
values are always quite close in agreement. 

Dc output voltages Vp and Vr are taken from the 
junction of Cl and C2 (fig. 2). The resistor value or 
impedance must be high enough not to load C2, 
which means the load impedance should be approxi- 
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fig. 2. Directional coupler basic circuit. 


Construction. The construction can be noted in the 
photo of the inside of the directional coupler. The 
mately 20 times or greater than C2 reactance at the 
lowest frequency of interest. 

In this directional coupler design a diode compen¬ 
sation network uses the base-emitter junction of a 
transistor to extend the low-end range of the diode 
detector. Note the circuit in fig. 3. The compensa¬ 
tion works by the variable attenuator formed by R4, 
R2, and Ql. When the dc voltage from the diode 
detector is high, the current in R2 is high, thus caus¬ 
ing Ql base-emitter junction to conduct and look like 
a low-impedance for R2 to ground. Since R2 is 
grounded, the detector voltage is attentuated by the 
ratio of R4 to R2. When the dc voltage from the di¬ 
ode detector is low, the current in R2 is low, causing 
Ql base-emitter junction impedance to increase due 
to less current in R4, which, in turn, decreases detec¬ 
tor-voltage attenuation to the V F output. Note also 
that Ql, which compensates for V F , has its collector 
brought out so that, when enough signal is present, 
Ql collector saturates and turns on the power to the 
instrument through the ON/OFF circuit. 

Calibration. The composition circuit is calibrated by 
applying a known 3 volts rms at some midrange fre¬ 
quency, say 7 MHz, and adjusting R4 (Rll) for an 
output of 3 volts dc at V F ( V R ) with a 10-megohm 
voltmeter. Disconnect the anode of CR1 (CR2) from 
R6 \R9) and LI for this adjustment. Calibration of the 
bridge for balance is straightforward. Adjust C7 for 
minimum voltage at V R when connected in the nor¬ 
mal manner. Reverse transmitter and load for adjust¬ 
ing C4 for minimum voltage at V F . The use of a 
known good 50-ohm load is a must for proper 
calibration. 

Because it's not easy to determine the sense of the 
toroid output, it may be necessary to reverse connec¬ 
tion to the toroid to get voltages V F and V R at the 
proper side. I usually find a small amount of interac¬ 
tion in adjustments, so I repeat the procedure to be 


sure the directional coupler is calibrated accurately, 
directional coupler was constructed in a die-cast 
aluminum box, Bud no. CU-124. Feedthrough capac¬ 
itors were used to bring out the dc signal voltages. 
The layout of the PC board isn't especially critical; 
however, a compact symmetrical pattern usually 
works best. 

power on-off circuit 

Power for the automatic VSWR meter comes from 
three standard 9-volt batteries. Two are connected in 
series to provide +18 volts and the other provides 
-9 volts to the analog circuits. The circuit is in fig. 
4. When R3 is grounded by the saturated collector of 
Ql in the directional coupler, the Darlington transis¬ 
tor pair Ql, Q2 is turned on so that the +18 volts is 
supplied to the analog circuits through CR1, which is 
a power-on indicator LED (amber). 

When the positive supply goes on, current flows 
through R4, which turns on Q3, which in turn turns 
on Q4. This connects the -9 volt battery to the 
analog circuits. The ON/OFF switch is connected so 
that when it's in the open or OFF position, the instru¬ 
ment will not come ON even though rf power may be 
present in the directional coupler. The purpose for 
this is to allow for longer battery life because it's 
usually not necessary to monitor power and VSWR 





fig. 3. Directional coupler schematic. 
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fig. 4. Automatic powar switch schematic. 


after tune up and may also be distracting to see 
meters going up and down during normal CW or 
phone operation. 

Expected battery life is about thirty-six hours for 
continuous operation. However, with the OFF switch 
and normal transmit-receive duty cycle, the expected 
life should be at least a year for the average Amateur. 
Battery operation is very desirable for ease of installa¬ 
tion and use of the VSWR meter, especially for tuning 
mobile antennas. 

A connection from the power ON/OFF circuit also 
goes to the CHECK switch, which turns on the power 
so that analog circuit calibration can be checked 
from time to time and also allows a measure of bat¬ 
tery condition from the wattmeter. (This will be 
covered in more detail in the description of the 
check-switch circuit.) 

analog circuits 

The analog circuits (fig. 5) receive the dc signals 
from the directional coupler and, when power is 
applied, process the dc signals to be applied to the 
wattmeter and VSWR meter. The two dc signals from 
the directional coupler, V F and V R , are sent to the 
buffer amplifiers, which are connected in a unity-gain 
configuration. The output of the V F buffer amplifier 
U2 is connected to the input of V F logarithm ampli¬ 


fier U5 and also the wattmeter. The output of the V R 
buffer amplifier, Ul, is connected to the input of the 
V R logarithmic amplifier, U3. Logarithmic amplifiers 
U3 and U5 are of a basic configuration using a 
grounded-base transistor for the feedback diode. 
Note in the circuit that the feedback diodes, U4 are a 
matched transistor pair (National Semiconductors 
LM394BH). 

In this application it's very important that the tem¬ 
perature and logging characteristics match, so that 
the difference in voltage between the two logarith¬ 
mic amplifiers doesn't vary as a function of tempera¬ 
ture and other environmental factors. The absolute 
voltage of each logarithmic amplifier will change, but 
that's not an important factor because the meter 
amplifier, U6, is connected to reject the common¬ 
mode voltage from the logarithmic amplifiers; thus 
only their voltage difference is measured. Also note 
in the diagram that diodes CR1 and CR2 are con¬ 
nected to prevent possible reverse voltage on the 
base-emitter junctions of U4 from becoming too 
large. 

The output voltages of the logarithmic amplifiers 
are called LV F and LV R , their voltage difference 
results in a new voltage, E RF , which is proportional 
to return loss in dB. Meter amplifier U6 is connected 
as a difference-voltage amplifier. The VSWR meter is 
connected in series with feedback resistors R17 and 
R18. In this configuration, the current in the meter is 
determined by the value of R15 + R14 and E RF . R15 
is adjustable, so that the scale factor, or calibration, 
of the VSWR meter can be set. 

Diode CR3 in the feedback circuit of Ufi limits the 
forward and reverse current through the meter to 
protect the meter from damage when VSWRs greater 
than 1.12 are measured. The reverse-voltage protec¬ 
tion is necessary during initial calibration of the unit 
when a reverse polarity signal can easily be present. 

Also note that the inputs to the meter amplifier are 
not referenced to ground, thus providing common¬ 
mode voltage rejection. The operational-amplifier 
inputs will never be more than plus or minus one 
diode drop from ground. 

The analog board is an analog computer that com¬ 
putes return loss and, by scale construction on the 
meter, displays VSWR. Because most all operational 
amplifiers have offset currents and voltages, each 
operational amplifier has an offset voltage adjust¬ 
ment so that these errors can be compensated for 
proper operation. A voltage divider network consist¬ 
ing of R19, R20, and R21 provides an accurate volt¬ 
age ratio for calibration and check. 

check-switch function 

The check switch serves a very useful function. It 
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fig. 5. Analog circuit schematic. 


allows instrument calibration and operation to be 
verified at regular intervals. The calibration is verified 
by the voltage ratio from resistor divider R20 and 
R21, fig. 5. The voltage ratio in this case is 0.091, 
which is equal to reflection coefficient p. A p of 
0.091 is equal to a VSWR of 1.2:1. During normal 
operation V F and V R inputs come from the direction¬ 
al coupler, but when the check switch is put in the 
CHECK position, Vp and V R inputs are connected to 
the known voltage ratio corresponding to a VSWR of 
1.2:1. This known voltage ratio is used to calibrate 
the instrument. 

The V F Cal voltage is a measure of the battery volt¬ 
age. As such it appears on the wattmeter in watts. 
Accuracy isn't excellent, because the wattmeter cali¬ 
bration affects the actual V-to-watts reading; how¬ 
ever, it's an excellent first-order reading of the bat¬ 
tery voltage. On this 250-watt scale, a low battery 
voltage reading is approximately at 40 watts. 

construction notes 

Construction of this instrument requires no special 
techniques to achieve success. A wiring diagram 
appears in fig. 6. Construction isn't detailed because 
anyone experienced in construction should be able to 
meet the parts and fabrication requirements. 

One area of concern is shielding. The analog board 


and power ON/OFF board have high impedances, so 
care must be taken to make sure these boards are not 
exposed to rf. Except for external rf pickup, there are 
no critical layout areas inside the instrument. The 
shielded directional coupler is essential so that it may 
be located inside the instrument (see Tig. 3). 

The meters used are readily available from Radio 
Shack, part 22-052. I made a three-to-one scale of 
the meter face, then had it photographically reduced 
to fit on the scale. The scale photograph was then 
attached to the Radio Shack meter scale by double¬ 
sided tape. I removed the original scale from the 
meter, attached the new scale to it, and then replaced 
the scale, securing it with the two mounting screws. 

Six 1-per cent metal film resistors are called out for 
the analog board. Availability may be a problem, so 
here are some possible alternatives with expected 
performance changes. R4 and R8 must be a matched 
pair for logarithmic tracking. Thus the actual value is 
not critical, and they could be carbon film resistors if 
they are matched to 1 per cent. R14 and R12 are 
metal film resistors only to minimize temperature 
influence and could be carbon film. 

R20 and R21 must be selected to be within 1 per 
cent of the absolute value, because these two resis¬ 
tors determine the basic accuracy of instrument cali¬ 
bration. I encourage the builder to find 1 per cent 
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metal film resistors if at all possible. If carbon film 
resistors are used in any of the 1-per cent metal-film 
resistor slots, some performance degradation will 
occur as a function of temperature. 

Us 3 and 3 must be in sockets to allow for adjust¬ 
ing the offset trim pots for the operational amplifiers. 
Also test points for V R , V F , LV R . and LF>will allow 
for easy testing and calibration of the analog board. 

calibration 

Calibration of the instrument is in two parts, rf and 
dc. The directional coupler can be calibrated before 
installation in the instrument; the procedure was 
covered in the discussion on the directional coupler. 
Refer to fig. 5 for the following procedure: 

1. With U3 and 5 removed from their sockets, 
ground the Vo output of the directional coupler and 
turn on the instrument. The amber LED pilot light 
should glow, indicating power is being drawn by the 
analog board. 

2. Connect test points LV R and LV F together with a 
jumper lead. 

3. Adjust R16, U6 offset adjust for "«>" on the 
VSWR meter (normal meter zero). 

4. Disconnect jumper from test points LV R and LV F . 
Connect voltmeter to V R and adjust R3, U1 offset 
adjust for zero volts (< ± 5 mV). 

5. Connect voltmeter to P>and adjust R7, U2 offset 
adjust, for zero volts (< ± 5 mV). 

6. Turn off instrument and install U3 and 5. 

7. Connect voltmeter to test point LV R and ground. 
Turn instrument on and adjust Rll for approximately 
-0.30 volts. Then adjust RIO for "oo" on VSWR 


meter. There will be some interaction, so repeat 
adjustments of Rll and RIO until voltage test point 
LV r is - 0.30 volts and VSWR meter is 

8. Set check switch to 1.20 VSWR, check position, 
and adjust R16 for a VSWR reading of 1.20. 

9. Return check switch to NORMAL or OFF position 
and note that voltage at test point LV R is still about 
-0,30 volt. With no inputs to the analog board from 
the directional coupler, the voltage at test points 
LV r and LV F will drift around due to the extreme 
low currents into the logarithmic amplifiers. This is 
normal. When the dc signals from the directional 
coupler are present the logarithmic amplifier outputs 
will be stable. 

10. Turn instrument off and disconnect voltmeter 
and jumper wire that grounded Vo from directional 
coupler. 

11. Connect input side (TRANSMITTER) of directional 
coupler to transmitter and output (ANTENNA) side of 
directional coupler to a good wattmeter and dummy 
load. With an applied rf power of between 100-250 
watts, adjust R13 so that the instrument wattmeter 
reads the same as the external wattmeter. Calibration 
frequency isn't critical, but I usually use the 40-meter 
band as a midrange frequency. 

performance 

Wattmeter accuracy is primarily determined by the 
design and construction of the directional coupler. In 
this instrument, the wattmeter accuracy is ± 5 per 
cent reading +1 per cent full scale between 1.8 and 
30 MHz. The VSWR measurement accuracy is diffi¬ 
cult to specify, because several factors affect the 
measurement. For VSWR greater than 2, the direc- 
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tional coupler open-short ratio dominates the VSWR 
error. 

This directional coupler measures an open-short 
ratio of 0.6 dB, which translates to an error of 7.5 per 
cent at a VSWR of 6. A complete discussion of the 
open-short ratio can be found in an instruction book 
for the ANZAC Model RB-3 standing-wave-ratio 
bridge, dated March, 1966. 2 For VSWR less than 2, 
directional-coupler isolation is a dominant factor with 
the detector diode operating-voltage level. 

The isolation of this directional coupler is about 30 
dB. The analog circuit dynamic range exceeds that of 
__the detector diodes and isn't a factor in VSWR accu¬ 
racy. As with any diode detector, a minimum level of 
ac signal is required before any dc current will flow. 
Also since the diodes are in the peak detecting mode, 
there's a minimum level of ac signal where the diode 
dc current will be accurate with respect to the ac sig¬ 
nal peak value. Therefore, a minimum amount of sig¬ 
nal is necessary to obtain accurate readings. 

In this instrument, the minimum forward power 
required to obtain an accurate ± 10 per cent VSWR at 
various VSWR numbers is: 

1.2.5 watts for VSWR = 2.0. 

2. 5 watts for VSWR = 1.5. 

3. 25 watts for VSWR = 1.2. 

4. 35 watts for VSWR = 1.12. 

You may ask what it means if the VSWR meter reads 
more than 1.2 with 25 watts input. It means that the 
VSWR is better than 1.2 but the actual value isn't 
known. To put it another way, at any power level a 
minimum VSWR number is accurate, and any lower 
number is optimistic. This minimum power for an 
accurate VSWR number is characteristic of all direc¬ 
tional couplers using diode detectors; however, it's 
usually not specified nor mentioned as a limitation in 
VSWR measurement. 

Performance is more than adequate for quick and 
accurate measurements of a typical transmitter power 
output and how well it is matched to the load. 

VSWR measurement 

Numerous articles correctly state that VSWR in a 
transmission line is not an important parameter to 
keep low in value, and that only upper-limit numbers 
are of concern based on transmission line loss and 
other factors. So why is there still concern about 
VSWR? 

One aspect of the measurement sometimes over¬ 
looked is that a reference impedance is involved. The 
VSWR measurement is only valid for the reference 
impedance for which it has been designed, in this 


case 50 ohms. Common practice is to define system 
performance with reference to a system impedance. 
Also common practice for Amateurs is to use a 50- 
ohm dummy load for tune up. In doing so, the 50- 
ohm reference is established, and if all other meas¬ 
urements are relative to this 50-ohm reference, the 
results will be valid. If VSWR measurements are 
made in which the reference impedance is other than 
that of the instrument, the results will not be valid, 
and a correction must be made. 

I feel that until a readily available means of measur¬ 
ing power transfer independent of impedance is 
available, the VSWR meter will continue to be a valid 
means of determining system performance. Plate- 
current meters on most transceivers allow a first- 
order means for measuring power transfer. Careful 
use of these meters can provide successful results. 
But I've never been quite as satisfied with this 
method as with the use of the external power and 
VSWR meter, using a transmatch to couple the 
antenna and a 50-ohm dummy load for reference. 

conclusion 

This article has several objectives. One is to give 
complete details on how my automatic VSWR meter 
design works so that others can understand its oper¬ 
ation and use. Another is to provide design equations 
and show their use in the design of a commonly used 
directional coupler. Finally, it was desired to provide 
construction detailsfor duplication of the instrument. 

This automatic VSWR/power meter is a project 
I've been working on for more than two years. I'd like 
to thank fellow Amateurs who've encouraged me 
and given valuable advice. With their help I've devel¬ 
oped what I believe is a very useful station accessory. 
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experimental 

high-gain phased array 


Some interesting 
test results 
using phased 
colinear elements 
based on 
the “ZL Special” 

Since the construction of the ZL beam 2 , I've been 
intrigued by the possibility of producing another no¬ 
ticeable improvement in antenna performance. After 
reviewing the literature, several options seemed 
available. First, one could duplicate the antenna and 
stack it over the present assembly. Secondly, one 
could stack the antenna in a side-by-side arrange¬ 
ment. Both arrangements should produce a 3-dB 
change in antenna performance. However, the cost 


of construction would be enormous, as would the 
cost of strengthening the support structure. 

These options were discarded for economic 
reasons, and I continued to search the literature. 
After some thought, the following question came to 
mind: Why not extend the lengths of the ZL elements 
into full-size, half-wave elements and feed it as if it 
were a ZL Special? 1 - 2 The following report gives the 
results of the experiment. 

description 

Fig. 1 shows the basic construction. Nine half¬ 
wave elements were constructed consisting of four 
driven half-wavelength elements Eb, Ea, collinear re¬ 
flector R, and collinear director Yagi director D 2 , 
1/2 wavelength long and spaced 1/4 wavelength 
from Di, was also constructed. Two phasing stubs 
were connected to points A, B. This basic configura¬ 
tion was alternately fed at these points for the tests 
(figs. 2 and 3). The parasitic elements were tuned 
and relative field-strength patterns were obtained as 
shown. 

Reversing the A-B feed changed the action of 


By Jim Weidner, KL7IEH, S/R 50937, Fair¬ 
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fig. 1. The basic construction used in the experiments with the phased array. 


phased elements to such an extent that the action of 
the parasitic reflector element was overwhelmed, 
which in fig. 3 had been tuned for maximum radia¬ 
tion indirection R. 

tests 

The test using feed point A (fig. 2) produced the 
best results. A 15-meter model was made, and per¬ 
formance was good. However, it didn't "feel right." 
Subsequently, a model was made for 10 meters and 
operated by a friend, who reported results not much 


better than those obtained from a regular Yagi. 
Again, the literature was searched and I discovered 
that element Ea must have opposite polarity with re¬ 
spect to element Eg. 

Once more the literature was reviewed, and a new 
question arose: Is there a way to connect the ele¬ 
ments so that when a wave is emitted from Eg, it will 
coincide simultaneously with a wave emitted from Ea 
when Ea and Eg are 1/8 wavelength apart? The liter¬ 
ature suggested that a 5/8-wavele‘ngth piece of 
coax, fed at the 1/8-wavelength point, would pro¬ 



fig. 2. Response when feed point A was used, which produced the best results. 
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vide the correct phasing, so that waves emitted from 
Eb would coincide with those emitted from Ea and 
remain coincident with direction R. I added a 4:1 
coaxial balun on each end of the phasing harness to 
maintain balance and permit polarity reversal 
(fig. 4). 

Before installing the phasing harness I made a rela¬ 
tive field strength reading using the arrangement in 
fig. 2. I then connected the phasing harness as in 
fig. 4. To my astonishment, the phasing harness pro¬ 
duced a 1 - 1-1/2 S-unit increase in relative field 
strength, or an estimated 5-7 dB improvement in an¬ 
tenna gain. I tweaked the parasitic elements, and the 
pattern of fig. 4 was obtained. The length of reflec¬ 
tor R is what would be expected in a normal Yagi. 
Directors Dj and D 2 are shorter than the calculated 
value and are somewhat critical in adjustment. 

On-the-air tests of the arrangement in fig. 4 sug¬ 
gested noticeable improvements — F/B was around 
40 dB; F/S was 60 dB or more. Forward gain over a 
dipole, as suggested by the pattern, indicated 15 dB. 
Antenna bandwidth is approximately 500 kHz on 10 
meters. The pattern is clean except for two small 
lobes off the back (when operated at ground level). 

future experiments 

Plans now are to modify a 20-meter beam by 
installing four halfwave elements in phase with para¬ 
sitic elements and to explore the possibility of operat¬ 
ing the parasitic directors as phased couplets, as 
shown in proposed test arrangement of fig. 5. Also, 
there seems to be no reason why the arrangement of 
fig. 4 can't be applied to quad antennas with the 
same results. 



fig. S. Future plans for four halfwave elements in phase with 
parasitic directors operating as phased couplets. Beam- 
widths shown at the half-power points. 
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10-meter 

ZL Special antenna 

for indoor use 


Hampered by 
real-estate restrictions 
or a grouchy landlord? 

Try this 
full-size 
rotatable array 
that fits 
into an average room 

To an Amateur, a huge antenna array high in the 
sky is beautiful. But more and more of us must live 
where outside antennas are frowned upon or forbid¬ 
den. We're then faced with two choices: forego hf 
operation or use some sort of indoor antenna. I find 
thefirst choice unbearable. Asfor the second, antenna 
manufacturers, antenna handbooks, and Amateur- 
magazine articles offer little except loaded dipoles, 
loaded verticals, or random wires zigzagging like 
crazed snakes. Fortunately, there's no need to strug¬ 
gle with such inefficient antennas. Antenna theory 
applies equally well whether an antenna is located 
indoors or high on a mountain peak. 

I live on the second (top) floor of a wood-frame, 
brick veneer apartment building. I operate from my 
bedroom using a full-size, rotatable, two-element, 
IO meter, indoor ZL Special beam. 1 Just about any¬ 
one with a few simple hand tools and about $15 for 
materials can duplicate my antenna in a few hours. 

why a ZL Special? 

The ZL Special 1 is an all-driven array consisting of 


two unequal-length folded dipole elements spaced at 
0.125 wavelength and fed 135 degrees out of phase. 
The array is unidirectional and has about 6 dBd for¬ 
ward gain and a good front-to-back ratio. The ZL 
Special is an old design and not currently in vogue. I 
suspect that its mechanical complexity, when con¬ 
structed from aluminum tubing for outdoor use, and 
the fact that it's a single-band device have detracted 
from its popularity. My experimentation with it and 
several other antennas has uncovered a number of 
very good reasons for making the ZL Special the 
antenna of choice for indoor use. 

The usual ways to squeeze an antenna with a 5- 
meter (16.5-foot) span into a 3.7 x 3.7 meter (12x12 
foot) room, are a) to use loading devices, or b) bend 
the elements to fit the available space. Within 
reason, the ends of folded dipole elements may be 
bent without appreciable loss. 

All antennas are adversely affected by unwanted 
coupling to nearby objects. Indoor antennas are gen¬ 
erally close to house wiring, heating ducts, and other 
objects, and tend to couple energy to them. This 
problem is manifested by resonance shifts, drastic 
VSWR changes, and reduced gain and directivity. 
All-driven arrays, particularly those with folded 
dipole elements such as the ZL Special, are less 
troubled by unwanted coupling than are parasitic 
arrays. Quads are too large, even when reduced in 
size by loading, to be used indoors. 

The ZL Special is a low-Q, hence wideband- 
response, array which is fairly tolerant of element 
length and spacing. Array impedance is about 70 
ohms, compared with about 20 ohms for a parasitic 
Yagi. The ZL Special can be fed with 75-ohm coax 
using a simple sleeve-type bazooka balun. 

A variation of the ZL array uses 0.375-wavelength 
elements, which reduces the antenna span by 25 per 
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ends bent to fit your available space, and you have the indoor ZL Special ( right). The twinlead version has a phasing line shorter 
than the space between elements, and the rear element must be bowed forward slightly to connect the phasing line. 


cent (described later). Spacing can be reduced to 0.1 
wavelength. A 15-meter shortened ZL Special is 
about the same size as a standard 10-meter version 
and has only slightly less gain. A similarly reduced 
20-meter array will fit a large 5.5 x 5.5 meter (18x 18 
foot) room or attic. 

Attempts to use more than two elements, or to 
build multiband arrays indoors, are likely to be 
rewarded with less-than-hoped-for gain or with an 
array that performs poorly on several bands. I prefer 
one good antenna for my favorite band. I use tempo¬ 
rary indoor dipoles for the other bands. 

which design? 

Dimensions for ZL Specials are many and varied. 2 
Element length depends on the type of construction. 
The vertical portions of the indoor ZL Special may 
act as capacitance hats and reduce the element 
length. These are dimensions I found to give the best 
results for a 10-meter array: 

director length = 135/f meters (444/ffeet) 
reflector length = 144/f meters (472/ffeet) 
spacing = 37.2if meters (121 /f feet) 

phasing line = spacing x 0.82 (velocity factor) 

where /is frequency (MHz). 

Using a design frequency of 28.7 MHz gives a 
director length of 4.7 meters (15.5 feet), reflector 
length of 5 meters (16.5 feet), spacing of 1.3 meters 
(4.3 feet), and a phasing line of 1.1 meters (3.6 feet). 
With no weather problems to contend with, the 


indoor ZL (fig. 1) uses lightweight wood for the 
boom and element supports. An earlier version used 
PVC pipe, which performed as well as the wood ver¬ 
sion, except that the PVC is flexible and it flopped 
when rotated and struck the walls and ceiling. 

construction 

Select unwarped, knot-free, pine 1 x 2 lumber and 
redwood furring strips. Cut to size (fig. 2) and give 
the wood pieces two coats of paint. (I chose to 
match the color of the walls and ceiling.) Hardware is 
steel angle brackets and mending (reinforcement) 
plates, which are inexpensive and available at any 
hardware store. The boom is attached to the TV 
mast with a U bolt. 

I found it easier to build and make the initial beam 
assembly on a flat surface (living room floor), then 
reassemble it at the operating site. If you use 
machine screws to attach the hardware, you can 
assemble or disassemble the array in about ten 
minutes. (Quick disassembly avoids questions about 
the "clothesline" by guests — or the landlord!) 

The idea is to have as much of the elements oriented 
horizontally as possible, so the framework dimensions 
are flexible. Figure on at least 7.5 cm (3 inches) wall- 
to-crossmember clearance. The boom length con¬ 
trols the spacing and should not be changed. The 
vertical end pieces can be reduced to as little as 30 
cm (1 foot) to increase headroom, but the element 
length may have to be increased. 

I built a simple, sturdy base from two 31 x 62 cm 
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fig. 2. Crossmember construction. Two identicel crossmembers ere required. Pine 1x2 lumber end red¬ 
wood furring strips provide s lightweight but strong structure. When the elements ere in piece, the 
structure is breced by the top guy wires end doesn't sag or flop around when rotated. 


(1x2 foot) pieces of particle board (fig. 3). One 
board is flat on the floor and the other is vertical. A 
pair of TV mast clamps hold bearings (PVC pipe 
couplings) to allow mast rotation. A PVC pipe cap or 
an empty mayonnaise jar will serve as a bottom bear¬ 
ing. The base is steadied by clamping it to a solid 
object or by setting a couple of concrete blocks on 
the horizontal board. 

The elements are made from heavy-duty, foam- 
filled TV twinlead. The elements are looped around 
the vertical end pieces (taped in place) and strung 
across the top with wire or twine. Elements and top 
wires form a box at each end of the array. At moder¬ 
ate power, no additional insulation is required. PCB 
material with the foil removed makes excellent insu¬ 
lators. I used WA6TKT's method of bowing the 
ref lector forward to fit the phasing line length. 3 


feeding the array 

The feedline RG-59/U should be a multiple of 0.5 
wavelength. Asimple bazooka (sleeve balun) isformed 
by slipping a 0.25 wavelength piece of shield braid, 
removed from RG-8/U or RG-11 /U, over the antenna 
end of the feedline, fig. 4. The braid is soldered to 
the feedline shield at the 0.25-wavelength point, and 
no other connection is made to the braid. Wrap the 
braid with vinyl tape. The bazooka length is 2.6 
meters (8.5 feet) for 10-meter operation, 
performance 

Performance data for my indoor 2L Special antenna 
appear in figs. 5 and 6. Gain, front-to-back ratio, and 
VSWR (fig. 5) are for a direction not affected by un¬ 
wanted coupling. Proper performance of duplicate 
antennas is indicated by a VSWR minimum at the 
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fig. 3. A simple but strudy base for the indoor array is made 
from two pieces of particle board or similar material and 
standard TV mast brackets. Total cost of the base is about 
$6.00 exclusive of the mayonnaise-jar bottom bearing. 


design frequency (approximately 28.7 MHz). The 
front-to-back ratio is a function of phasing-line 
length, while gain is related to element spacing. Ex¬ 
haustive pruning is probably not worth the effort 
once the array is working satisfactorily. 

Fig. 6 shows VSWR variations of my array as it's 
rotated. The variation is caused by coupling to metal¬ 
lic objects in the room. A parasitic array (an early 
attempt) had a peak VSWR of 6:1 in the direction of 
the air-conditioning duct. Metal objects more than 
0.25 wavelength distant don't cause resonance shifts 
or VSWR variations. 



The difficulties of accurate measurement inherent 
to high-frequency arrays are compounded when the 
array is indoors. Repeated measurements using vari¬ 
ous techniques indicate a forward gain of about 6 
dBd and a front-to-back ratio of 15-18 dB. The pat¬ 
tern is a cardioid and has a deep rear notch. VSWR is 
low over the entire 10-meter band and causes no pro¬ 
blem for solid-state finals. I've checked the observed 
beam headings of hundreds of stations against a 
great-circle chart and found no significant errors. 
The only real difference between an indoor 
array and one outdoors is that the indoor array can 
be rotated in seconds rather than minutes. 



tion, but it helps to eliminate feedline radiation. Aluminum 
foil could be used to wrap the coax, but the shield braid 
removed from larger coax makes a neater balun. Coax 
that's too lossy for a feedline is a good shield-braid source. 
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fig. 5. Indoor ZL Special performance data. The data are for 
a direction not affected by unwanted coupling. Design cen¬ 
ter is 28.7 MHz. 


another version 

A shortened version of the antenna is shown in 
fig. 7. It's a bit more complex, but the elements are 
25 per cent shorter than in the design described 
above. It may be spaced 0.1 wavelength to decrease 
boom length but with some sacrifice in gain. 

Element lengths are determined by the data given 
previously, multiplied by a factor of 0.75. For exam- 



tion is caused by surrounding metallic objects. 


pie, the director length for a design frequency of 28.7 
MHz would be: 


director length = jgf x 0.75 

= 5.5 meters (11.5feet) 

The element ends may be bent up and around as 
shown in fig. IB. My measurements of this shortened 
ZL Special were: gain approximately 5 dBd; front-to- 
back ratio about 12 dB. 
concluding remarks 
The indoor ZL Special is far and away the best 
indoor antenna I was able to construct in two years 
of trying. With the indoor ZL, stateside contacts are 
3 to 4 S-units better than my next best indoor anten¬ 
na, phased groundplane verticals. During a recent 
48-hour contest period, I worked 21 different coun¬ 





fig. 7. A shortened ZL Speciel. Specing may be spaced 0.1 
wavelength to decrease boom length. This small antenna 
provides about 4-5 dBd gain. 

tries on all continents using a barefoot Ten-Tec 
Argonaut, 3 watts PEP outputl 
I hope nobody is naive enough to think that the 
performance of an antenna can be improved by plac¬ 
ing it indoors; but neither should it be believed that 
indoor antennas cannot work. The multitude of vari¬ 
ables make it impossible to predict how well an 
indoor array will perform at your location, but the 
indoor ZL Special is sure worth a try. 
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big quad — 
small yard 


Here’s how one Amateur 
erected a three-band 
quad antenna 
on a modest-size 
residential lot 

Let me begin by saying that there are a few time- 
honored maxims about Amateur antennas. First, the 
result will be in direct proportion to the amount of 
time, effort, and money expended. Second, there's 
no such thing as too high or too big. Third, if the 
antenna stays up through the winter, it's not big 
enoughl 

With this philosophy in mind, I decided to build a 
big quad antenna with four elements on the Amateur 
15- and 20-meter bands and seven elements on the 
10-meter band, all on an 8.5-meter (28-foot) boom. 
The entire array was to be installed in a modest Cali¬ 
fornia backyard on a tilt-over tower. 

The following is a photo essay on the project. I 
hope it will inspire others with a small yard to bite the 
bullet and put up a big antenna. 


background 

Last year I acquired a 21-meter (70-foot) guyed 
crank-up tower. With my mast it would allow the 
antenna boom to be nearly 23 meters (75 feet) up. 
Also it looked strong enough to handle something 
much larger than my old cubical quad on a 2.7-meter 
(9-foot) boom. I brooded, plotted, and schemed all 
winter, which, in southern California, is marked by 
windstorms up to 112 km (70 miles) per hour for a 
four-month period. I'd built a four-element quad for 
15 and 20 meters the previous year and it worked 
great, but the place where the two boom lengths 
were joined together was weak and bent in the wind; 
thus the end of the four-element quad. 

For six years I've been constructing and erecting 
quads in my back yard. And for six years, trees and 
bushes have been growing, cutting down the avail¬ 
able space. Even so, I decided to build a quad with 
four elements on 15 and 20 meters and seven ele¬ 
ments on 10 meters — all on an 8.5-meter (28-foot) 
boom. 

This arrangement would give 0.13-wavelength 
spacing on 10 and 20 meters and 0.20-wavelength 
spacing on 15 meters. My experience indicated that 
these were acceptable spacings for the bandwidth 
and gain I was seeking. The antenna for each band 
would be fed directly through a gamma match, and 
all three coax cables would be run down to the sta¬ 
tion. I decided to use two reflector elements on 10 
meters. (This should improve the front-to-back ratio 


By George McCarthy, W6SUN, 2739 North 
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Hl-Q BALUN 


• For dipoles, yagis, inverted 
vees & doublets 

• Replaces center insulator 

• Puts power in antenna 

• Broadbanded 3-40 MHz 

• Small, lightweight and 
weatherproof 

• 1:1 impedance ratio 

• For full legal power and more 

• Helps eliminate TVI 

• With SO-239 connector 
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CENTER INSULATOR 
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weatherproof 
Replaces center insulator 
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a bit arid allow me to string all three driven elements 
on the same spreaders, which was convenient.) 

putting it up 

The photos pretty much tell the story of how I 
managed to erect such a monster in a small area. I'll 
now relate some of the sidelights of the job. 

I did all the work myself with one exception: the 
tower must be pulled over by someone else until 
gravity takes over and I can let it down with a winch. 
My thanks to Bob, W6TSH, and Joe, W6UL, who 
came over to help with this task. 

A boat winch is the secret of my solo performance. 
The aircraft cable from the winch runs over the peak 
of the roof to the tower. That's right — I use the peak 
of the house as a gin pole! I figure that if anything 
goes it'll be the house. I raise and lower the tower 
from this position, which entails a lot of stopping and 
running around to make sure the wire isn't hung up 
on something. 

From long experience, I no longer rely on predrilled 
holes in the fiberglass spreaders — they wear with 
wire movement I stuck screwdrivers into the lawn to 
keep the spreader arms from distorting the perfect 
square. Then I ran the wires around the screwdrivers, 
moving the screwdrivers until I had a nice, tight loop 
that wouldn't pull the spreaders. I then taped the 
wire to the spreaders with PVC tape and applied PVC 
cement to keep the tape secure. 

The short boom section connected to the boom- 
to-mast adapter is 1.4 meters (4-1/2 feet) long. It has 
a 4.8-mm (3/16-inch) wall, which I turned down 
slightly for a distance of 152 mm (6 inches) at each 
end. The aluminum booms, which are 3.7 meters (12 
feet) long and 51 cm (2 inches) OD, with 1.7-mm 
(0.065-inch) wall thickness, were slipped over the 
ends and bolted. 

final comments 

Putting up an array of this size in a small working 
area requires a lot of patience and the desire to suc¬ 
ceed. My residential lot is only 20 meters (66 feet) 
wide by 31 meters (100 feet) long. Anyone who has 
attempted such a task will tell you that quad wires 
actually look for something in which to get tangled. 
Also, no matter how carefully you walk across a lawn 
full of strung spreaders you'll inevitably trip on some 
of the wires. Finally, my roof is made of thick 
shingles. No self-respecting wire would dare pass 
one up without trying to slide underneath. 

I'm now in the process of tuning this monster, so I 
have no final words on performance. But it had bet¬ 
ter be greatl Once tuned up, it'll be elevated to 22.3 
meters (73 feet), where I hope to terrorize the ham 
bands — at least until the first big windstorm. 

ham radio 
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earth anchors 


for guyed towers 


Design data 
for earth anchors 
and how to make 
a deadman anchor 
for your tower guys 


Often the design of a guyed tower fails to include 
the anchor design. This article describes construc¬ 
tion and implementation of guy anchors. 

holding power 

The holding power of an anchor depends on an¬ 
chor size and its depth in the ground. The weight of 
the earth above the anchor provides the holding 
force. Standard practice is to figure the holding force 
of earth in a cone shape above the anchor with a 
slope of 30 degrees relative to the vertical, as shown 
in fig. 1. 


Note that, if the actual anchor were cone shaped, 
the total cone size would depend on depth, D. The 
cone volume, V, is: 

V = 1/3 it R 2 D (1) 

Radius, R, is proportional to depth, D, where 
R = D tan 30 degrees = D(0.577) 
Therefore: 

V = 1/3 v (0.577D) 2 D = 0.35D* 

If the weight, W, of earth is assumed to be 100 
pounds/foot3 (45 kg/0.3 meter3), and the holding 
force, F, = VW, then F = 35D } . Holding force ver¬ 
sus anchor depth is shown in fig. 2. 

If you use 1 /4-inch (6.5-mm) diameter steel cable 
for guy wire, the breaking strength is 5480 pounds 
(2488 kg). An anchor for this cable buried 5-1 /2 feet 
(1.7 meters) would be appropriate. 

table 1. Holding force at depths of 1-6 feet (0.3-1.8 meters). 

depth holding force 

feet (meters) pounds (kg) 

0 0 

1 (0.3) 35 (16) 

2 (0.6) 280 (127) 

3 (0.9) 945 (429) 

4 (1.2) 2240 (1017) 

5 (1.5) 4375 (1986) 

6 (1.8) 7560 (3432) 


By Ted Hart, W5QJR, Box 334, Melbourne, 
Florida 32901 
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deadman anchors 

Screw anchors, available from lumber yards and 
marine-supply houses, have been used for antenna 



fig. 1. The holding power of an anchor depends on anchor 
size and depth in the ground. Weight of earth above the an¬ 
chor provides the holding force. Standard practice for such 
anchors is to figure the holding force of the earth in a cone 
with a slope of 30 degrees. 


guys but they're expensive. So I decided to make a 
deadman anchor from concrete. Here's how to do it: 

1. Make a loop of your guy wire and tie it with a 
cable clamp. 

2. Pass two pieces of concrete reinforcing rod, 5 
inches (128 mm) long through the loop and tie the 
rods at right angles. Use heavy wire to make the con¬ 
nection. 

3. Use a container, such as a plastic pail, to pot the 
assembly in concrete. 

Holes for the deadman anchors can be made with 
a post-hole digger. Make sure the dirt is moist. Tamp 



fig. 2. A plot of holding force as a function of depth for an¬ 
chors buried in earth. 


the dirt and wait a few days for the earth to settle. 
You'll have to tighten the guy wires several times 
during the first few days after installation while the 
cable aligns itself through the earth. 

ham radio 



At Barry' 

KITTY 

says... 


Take a look at BARRY’S antenna specials for 
MAY . . . Rotors . . . Towers . . . Beams . . . Ver¬ 
ticals . . . Dipoles . . . cable . . . fittings . . . connec¬ 
tors . . . everything you need to complete that 
super new layout. WE STOCK antenna goodies 
by: 


ALLIANCE 

ANTENNA SPECIALISTS 

CORNELL-DUBILIER 

CUSHCRAFT 

E-Z WAY 

HUSTLER 

HY-GAIN 

KLM 

MOSLEY 

MURCH 

ROHN 

TRI-EX 

... and more. 


If you don’t see it here, ASK! 


We Also Stock... 

ASTRON 

B&W 

BIRD 

COMMUNICATIONS 

specialists 


DENTRON 

DRAKE 

E1MAC 

1COM 


MIRAGE 

ROBOT 

SHURE 

STANDARD 


JUST CALL OR 
WRITE FOR THE 
BARRY PRICE: 
BETTER STILL... 
STOPINII 


SWAN 

TEMPO 

TEN-TEC 

YAESU 

VHF 

ENGINEERING 


We have: 


REPEATERS 
MICROPHONES 
KEYS & KEYERS 
TUBES and much, more 


Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm 
Saturday 10 am-Noon 
The Export Experts Invite Overseas orders 
1 HABii E I ~ We Shi P Worldwide 

IESPANOL! 

BARRY ELECTRONICS 

512 BROADWAY, NEW YORK, N.Y. 10012 
V. TELEPHONE (212) 925-7000 J 
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products 


portable emergency 
antenna 



Larsen Electronics, Inc., has a port¬ 
able emergency antenna that requires 
no ground plane and is compact 
enough to fit into your pocket. The 
PHW-150 loaded half-wave antenna 
covers the 144-174 MHz band. It fea¬ 
tures a stainless-steel flexible radiator 
that allows the PHW-150 to be rolled 
up into a convenient portable size. 

To operate the PHW, simply con¬ 
nect it to a portable radio with any 
length of coaxial cable, attach a 
length of fishing line to the antenna 
eyelet and a weight to the other end 
of the line, then heave the weight 
over a tree limb and hoist the 
PHW-150 into the air with the fishing 
line. 

Having Larsen's PHW-150 is like 
having a base antenna and tower in 
one compact, portable unit. The 
PHW-150 can provide as much as 20 
dB gain when compared with a port¬ 
able radio's normal antenna. 


The PHW-150 comes without fish¬ 
line, weight and coaxial cable. For 
more information, write John 
Beaman, Larsen Electronics, Inc., 
P.O. Box 1686, Vancouver, Washing¬ 
ton 98663. 

DSI 50 Hz to 550 MHz 
frequency counter 

A new 50-Hz to 550-MHz nine-digit 
frequency counter is available from 
DSI Instruments, Inc. The model 
5600A combines a 10-MHz propor¬ 
tional-oven time-base accuracy of 0.2 
ppm (from 10° C to 40° C) with a 
10-mW sensitivity and resolutions to 
0.1 Hz. 

Its bright 0.5-inch-high nine-digit 
LED array — with automatic zero 
blanking — provides enhanced read¬ 
ability at a distance and at wide view¬ 
ing angles, even in bright light. 

Two input channels are provided: 
one covering the 50-Hz to 500-MHz 
range, the other covering 50 MHz to 
550 MHz. High-visibility indicator 
lights for "Standby," "Oven-Ready," 
and "Gate-Time" status are standard 
features. The user can select a de¬ 
sired resolution from 0.1 Hz to 1.0 
kHz by push-button. Additional fea¬ 
tures include an rf preamplifier and a 
500-MHz prescaler. 

Housed in an impact-resistant, 
molded cabinet with a multi-position 
carrying handle-easel, the 5600A op¬ 
erates directly on an internal 8.2 to 
14.5 Vdc battery or a 115-Vac adapt¬ 
or. It measures 3.25 x 9.5 x 9 
inches, including a self-contained 
battery compartment. 

Options include a 10-hour re¬ 
chargeable battery pack, an audio 
multiplier that allows up to 0.001-Hz 
resolution, and a 25-dB preamplifier 
with a variable sensitivity control. 

The 5600A is available in two 
forms: a kit, 95 per cent factory- 
assembled, for $149.95, and factory 
assembled for $179.95. 

For more information contact DSI 
Instruments, Inc., 9550 Chesapeake 
Drive, San Diego, California 92123. 


new "Pro" antenna line 



Users of two-way radio communi¬ 
cations are welcoming the announce¬ 
ment of a new "Professional" line of 
Antler Antennas. The new Antler 
"Pro" antennas include four basic 
base-loaded models spanning from 
30-174 MHz frequencies, plus a 
"short" quarter-wave, roof-mounted 
unit tuned to resonate on frequencies 
between 108 and 174 MHz. 

The Professional Antler antennas 
feature individual testing, and preci¬ 
sion electronic tuning of each base 
coil to ensure efficient, dependable 
transmissions. The four base-loaded 
models are for frequencies from 
30-36, 36-42, 45-50, and 130-174 
MHz. Each antenna is provided with 
an accurate cutting chart to pinpoint 
desired frequencies. All coil fittings 
are precision-machined of chrome- 
plated, solid brass. 

A popular feature of the new Antler 
line is the buyer's flexibility to order 
the exact equipment he needs. There 
are three mounts, including a "no¬ 
hole" trunk-lip mount complete with 
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an attractive, chrome-plated dress 
cup which hides the attaching clamp. 
A roof or cowl mount with an easy- 
to-install, snap-in expansion collet is 
also available, along with Antler's 
proved "Posi-grip" magnetic mount. 
Stainless steel shock springs are also 
available where desired. All mount¬ 
ings include factory-made, low-loss 
coax cable assemblies. 

A handy, short, quarter-wave roof- 
mount model is also available where 
"in-city" use encounters low-clear¬ 
ance problems of parking garages 
and overhanging obstructions. 

The Antler "Pro" line is distributed 
nationally through electronic distribu¬ 
tors and two-way or Amateur Radio 
dealers. For more information, ad¬ 
dress Antler Antennas, 6200 South 
Freeway, Fort Worth, Texas 76134. 


Antenna Specialists 
low-cost Yagi 

Exceptional performance at moder¬ 
ate cost were the key design require¬ 
ments for a new uhf Yagi antenna, 
model ASP-766, announced by The 
Antenna Specialists Co., Cleveland, 
Ohio. The five-element beam antenna 
is applicable to both point-to-point or 
repeater-control station installations, 
where large gain values are secon¬ 
dary in importance to reliability. Di¬ 
rectivity necessary to repeater control 
stations is ensured by the antenna's 
15-dB front-to-back ratio, The anten¬ 
na is designed to provide 50 degree 
E-plane beamwidth for appropriate 
azimuthal selectivity in crowded rf en¬ 
vironments. Construction is of alumi¬ 
num, with gold iridite for both ap¬ 
pearance and resistance to pitting 
and corrosion. The ASP-766 is a 
broadband antenna covering the 
450-470 MHz range, exhibiting 7.5 dB 
gain in conformity with EIA specifica¬ 
tion RS-329. Maximum rf power rat¬ 
ing is 100 watts. For detailed product 
information, write to Professional 
Products Division, The Antenna Spe¬ 
cialists Co., 12435 Euclid Avenue, 
Cleveland, Ohio 44106. 


R-X Noise Bridge 



Learn the truth about your antenna. 

Find its resonant frequency. 

Adjust it to your operating frequency quickly 
and easily. 


The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if it is not, whether it is too long or too short. All this 
In one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas from I 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 


mm 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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When it comes to 

AMATEUR 
RADIO QSL’s 



ONLY BOOK! 

US or DX Listings 



NOW READY! 


Here they are! The latest editions. World- 
lamous Radio Amateur Cailbooks. the most 
respected and complete listing ol radio 
amateurs. Lists calls, license classes, ad¬ 
dress information. Loaded with special 
features such as call changes, prefixes of the 
world, standard time charts, world-wide QSL 
bureaus and more. The new 1980 Radio 
Amateur Cailbooks are available now. The 
U.S. Edition features pver 400.000 listings, 
over 120.000 changes from last year. The 
Foreign Edition, over 315.000 listings, over 
90,000 call changes. Place your order now. 













































































AT-200 Antenna Matcher 

Use your car's AM/FM antenna for 
your-2-meter mobile rig.-Eliminate 
the two-antenna tip-off to thieves, 
without the nuisance of hideaways. 
Save the cost of a 2-meter mobile 
antenna. 

AT-200 tunes from the Iront panel 
for maximum output, minimum 
VSWR (1.2:1 or less for most car 
antennas). 


Barker & Williamson, Inc. 

10 Canal Street, Bristol, PA 19007 


ANTENNA 

PROBLEM? 


Featured will be a Satellite TVRO terminal. S 
tact: Gus Fox, W0EE, Box 895, Greeley, CO 8C 


equipment prizes. Talk-In 146.31/91, 14 
P.O. Box 124, Reading, PA 19603. 


sored by the Greater Fairfield Amateur Ra 
1300-2200 UTC May 17th. To work WB1CQO 
frequencies: 3975, 7235, 14.330, 21.420, : 
146.55 simplex. For special QSLs send SASE 
Grace von Stein, 248 Euclid Ave., Fairfield, Cl 

1980 FLORIDA QSO PARTY sponsored by F 
1500 UTC May 17 to 2359 UTC May 18. All am 
may be used — submit separate Phone an 

tion. Out-of-state stations send signal repc 
Stale, Canadian province or country. Suggest 



EMERGENCY 

VEHICLES 

INDUSTRIAL 
T MARINE 


C. 


CLEAN . NOT MESSY! 
LOW PRESSURE SYSTEM 


AVOID WIND LOSS. 
AVOID LIGHTNING. 
RAISE TO USE, 
LOWER WHEN NOT 
IN USE. 

SEE IT AT THE 
DAYTON & SEATTLE 
CONVENTION! 


-PRO 

HIGHEST Quality Materials 
and Parts Used. Write or Call 
for FREE BROCHURE and 
Accessory Catalog 

P.O. Box 604 
Oregon City, OR 97045 
(503)656 - 5500 
NORM - W7U J F 


McKAY DYMEK COMPANY 
111 S. College Ave.. P.O. Box 5000 
Claremont, CA 91711 
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James 11. fist?, wihr - £ome 'Reflections 



I first met Jim in May of 1967 
when he was the editor of another 
Amateur Radio magazine. I had 
submitted an article for possible 
publication. It came in "over the 
transom," as they say in the 
publishing business. The article was 
accepted, and thus began a 13-year 
relationship with one of the most 
respected and competent individu¬ 
als in one of the most highly special¬ 
ized fields of publishing — a techni¬ 
cal journal for Amateur Radio 
enthusiasts. 

I talked to Jim on the air shortly 
after he and Skip Tenney established 
ham radio in a shoe-box office in 
New Hampshire. I offered my editorial services on a 
part-time basis, working from my home in California. 
Since then, my professional and personal relation¬ 
ship with Jim has grown and we've all enjoyed the 
benefits of hard work, a striving for excellence in the 
magazine, and respect from our peers. 

Jim Fisk was ham radio magazine. Every page 
reflected Jim's influence and expertise. I have some 
stinging letters from Jim in which he criticized my 
editing — all in the interest of perfection. And that's 
good. Jim's footprints were all over the magazine. 
He was a dedicated professional and he will be diffi¬ 
cult to replace. 

So long, OM. We'll miss you. 
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* There are certainly few business situations that can bring two people much closer than working as pub¬ 
lisher and editor of a small magazine during its start-up years. It was my privilege to share with Jim Fisk, 
then W1DTY, just such an exciting, yet often highly frustrating, experience. 

We had embarked on a project which many told us was pure folly: a fourth entry in the already well-filled 
Amateur Radio magazine field. Success was impossible, they said. But with Jim's expertise and ambition, 
plus my stubbornness and determination, we felt that we had something to offer that was really different 
— a completely new publication, dedicated to excellence and professionalism, which would make a very 
real contribution to the hobby we both loved so well. 

Our success is history now, but it didn't come easily. Editorial problems, printing difficulties, mailing 
mixups, promotional disappointments; I guess we saw them all. But working 26 hours a day, seven days a 
week, we overcame them one by one and gradually ham radio magazine established itself as the technical 
leader we'd envisioned, and new standards were set for both technical and graphic excellence in our field. 
These standards were the work of Jim Fisk, certainly the most capable and professional editor in many 
years to touch the pages of a ham magazine. He has set a standard that Amateur Radio editors will strive 
to reach for a long time to come. 

But Jim was much more to our hobby than merely an excellent editor. He was at the center of new ideas 
and technical advances. His office was virtually a central switchboard or meeting place for the top thinkers 
and leaders in our hobby to exchange their ideas and discoveries, and he introduced, through the maga¬ 
zine, many of the contributions to Amateur state-of-the-art which have been developed in recent years. 

This was probably never better demonstrated than during the 1980 Dayton Hamvention, wljich took 
place just a week after Jim's death. As our staff met literally hundreds of people who had known and 
worked with Jim, we were constantly reminded just how important he had become not just to our own 
publishing efforts but also to the continuing progress of Amateur Radio itself. 

Jim will be sorely missed both in the pages of ham radio magazine and in the Amateur Radio hobby at 
large. Fortunately, however, he has left behind much which will continue to make significant contributions 
for a long time to come. Thanks to his efforts, we now have a well-trained editorial staff who have learned 
how to do things to Jim's standards. The magazine itself will act as a living memorial to Jim, as it con¬ 
tinues to be the rallying point for excellence in both Amateur theory and practice. Although we will now be 
operating without him, we will continue to work to his standards. The question, "How would Jim have 
done this?" will be asked many times, and the answer will provide our guidelines and keep us on our toes. 

The question of just who is going to take his place on the masthead has already been asked many times. 
It is a difficult decision and one which we want to approach with a great deal of care and deliberation. For 
the time being, I personally will serve as acting editor, a position which I can fulfill only with the help and 
backing of Jim's top notch staff. They will be doing the work and I'll try primarily to provide the focal point 
between them and all of you. 

In closing, I know I speak for all of us, both the ham radio family and Jim's personal family, when I 
express our thanks for all the many letters and calls we have received in recent days. They have been a 
great inspiration to all of us during this difficult period. 

W1NLB 
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I high-performance 
grounded-grid 

220-MHz kilowatt linear 


The Eimac 8877 is a high-mu ceramic-metal triode 
rated for use up to 250-MHz and several successful 
amplifier designs using this tube have been con¬ 
structed for hf through vhf. 1 - 2 - 3 The 220-MHz 
amplifier described here has proven to operate very 
well during the last year, including several successful 
Earth-Moon-Earth (EME) contacts. 

This 220-MHz 8877 linear amplifier is designed for 
the serious vhf DXer who demands reliable service 
combined with good linearity and efficiency. The am¬ 
plifier requires no neutralization, is completely stable 
and free of parasitics, and is very easy to operate. 

The amplifier is designed for continuous duty oper¬ 
ation at the 1000-watt dc input level, and can develop 
2000-watts PEP input for SSB operation with ample 
reserve. For operation at 2000-watts PEP the plate 
supply should be between 2500 and 3000 volts; under 
these conditions the amplifier will deliver 1230 watts 
output. With the higher plate-voltage supply, up to 
14-dB gain can be obtained with an amplifier efficien¬ 
cy of 61 per cent; see table 1. 

The 8877 triode has very good current division; 
that is, the grid current is quite low in comparison to 
the plate current. The grid current is typically about 
15 per cent of the value of the plate current, the 8877 
also has good gain and intermodulation distortion 
characteristics. The plate dissipation rating is 1500- 
watts. The cathode is indirectly heated; filament re¬ 
quirements are 5.0-volts at 10.5 amperes. The tube 
base mates with a standard septar socket. 

the circuit 

In the amplifier circuit shown in fig. 1 the 8877 grid 
is operated at dc ground. The grid ring at the base of 
the tube provides a low-inductance path between the 
grid element and the chassis. The plate and grid cur¬ 
rents are measured in the cathode return lead. A 12- 
volt, 50-watt zener diode in series with the negative 
return sets the desired value of idling current. Two 
additional diodes are shunted across the meter circuit 
to protect the instruments in case plate voltage arcs 
over to ground, or if there is an internal tube arc. 


Standby plate current of the 8877 is reduced to a 
very low value by a 10,000-ohm cathode resistor. 
This resistor is shorted out in the transmit mode by 
the station control circuit. The resistor must be in the 
cathode circuit when receiving to eliminate the noise 
generated in the station receiver if electron flow is 
permitted within the 8877 tube. 

A 200-ohm safety resistor insures that the negative 
side of the power supply does not go below ground 
potential by an amount equal to the plate voltage if 
the positive side is accidentally grounded. A second 
safety resistor across the 1N3311 zener diode pre¬ 
vents the cathode potential from rising if the zener 
should accidentally burn open. 

input circuit 

The cathode matching circuit is a T-network which 
transforms the input impedance of the tube (about 
54 ohms in parallel with 40 pF) to 50 ohms at the 
coaxial input connector; the network consists of two 
series inductors and a shunt variable capacitor. The 
inductors are fixed and have a very low value of in¬ 
ductance; in fact, the rf return path through the 
chassis has about the same inductance value. To de¬ 
sign the input circuit, many values of circuit Qwere 
tried in the calculations. When the design equations 
yielded physically realizeable inductance values, then 
several combinations were tried in the actual ampli¬ 
fier. Since the stray inductances in the chassis and 
connecting leads in the socket were not included in 
the calculations, the final inductors were smaller in 
value than the calculated size. The actual inductors 
which resonated and provided a reasonable input 
match are specified in fig. 1 and are shown in some 
of the photographs. For those who build this ampli¬ 
fier I would expect that some minor variations in 
these coils might be required to attain an adequate 
input match. 

By Robert I. Sutherland, W6PO, EIMAC Divi¬ 
sion of Varian, 301 Industrial Way, San Carlos, 
California 94070 
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table 1. Performance of the 220-MHz grounded-grid 8877 rf 
power amplifier. 

Plate voltage 3000 V 2500 V 2500 V 

Plate current 

(single tone) 667 mA 800 mA 400 mA 

Plate current (idling) 54 mA 44 mA 44 mA 

Grid voltage -12 V -12 V -12 V 

Grid current 

(single tonel 48 mA 50 mA 29 mA 

Power input 2000 W 2000 W 1000 W 

Power output 1230 W 1225 W 621W 

Efficiency (apparent) 61% 61% 62% 

Drive power 48 W 69 W 20 W 

Power gain 14 dB 12.4 dB 15 dB 


Cl 1000 pF ceramic transmitting type (Centralab 858S-1000) 
C2 35 pF air variable (Hammarlund HF35 or Millen 22035) 
C3.C4 Each consists of two parallel connected 100 pF, 5000 volt 
ceramic transmitting capacitors (Centralab 850S-100) 

C5 Plate tuning capacitor (see fig. 2) 

C6 Output loading capacitor (see fig. 7) 

C7 1000 pF, 4000 volt feedthrough (Erie 2498) 

C8,C9 0.1 uF, 600 volt feedthrough capacitor (Sprague 80P3) 

LI 3 turns no. 14 (1.6 mm) wire, 1/4 inch (6.5 mm) inside 
diameter, 5/8 inch (16 mm) long 

L2 Copper strap 1/4 inch (6.5 mm) wide, 2-1/2 inches (64 
mm) long, bent into a U 5/8 inch (16 mm) wide 
L3.L4 7 bifilar turns no. 12 (2 mm) enamelled wire, bifilar wound 

on 1 /2 inch (12 mm) inside diameter 
L5.L6 Plate resonators (see fig. 5) 

L7 6 turns no. 14 (1.6 mm) wire, 1/2 inch (12 mm) diameter, 
1 inch (25 mm) long 

T1 Filament transforrmer rated at 5 volts, 10 amps (Stacor P- 
6433) 
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fig. 3. Variable plate portion of plate-tuning capacitor C6. Since there are no moving or sliding contacts which carry heavy rf 
current, this arrangement permits the capacitor to be adjusted under full power without erratic tuning. 



fig. 4. Anode collet and capacitor plate support pattern. 


The underchassis layout of components is shown 
in the photographs. In the close-up view the bifilar 
wound coil in the foreground is the filament choke. 
The variable capacitor is C2, and L2 is the U-shaped 
strap connecting C2 with the cathode terminal. All 
the cathode leads and one filament lead are connect¬ 
ed together with low inductance copper straps. Note 
that L2 is connected to the center point of all the 


cathode leads in an effort to equally balance rf drive 
to all sides of the cathode. At the frequency of 220- 
MHz, lead length and residual inductance are very 
important. 

The inductor LI connects capacitor C2 with the in¬ 
put blocking capacitor Cl at the top of an insulating 
piller. A section of RG-142B/U teflon-insulated coax 
connects the other side of Cl to the BNC coax input 
connector. It is difficult to see in the picture, but 
there is a 1000-pF chip ceramic capacitor connected 
from one heater pin to the other on the socket. 

The socket for the 8877 is the Eimac SK-2210, the 
version with the grounded grid clips. The filament 
transformer is located between the aluminum en¬ 
closure and the panel. The filament voltage is fed 
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through the enclosure wall using 0.1 /tF Sprague Hy- 
Pass feedthrough capacitors. 

plate circuit 

The plate circuit of the amplifier is a transmission¬ 
line type resonator. The line (L5 plus L6) is one half¬ 
wavelength long with the tube placed at the center. 
This type of circuit is actually two quarter-wave¬ 
length lines in parallel. One of the advantages is that 
each of the quarter-wavelength lines is physically 
longer than if only one is used. This is because only 
half of the tube output capacitance loads each 
quarter-wavelength section. Another advantage to 
this layout is a better distribution of rf currents 
around the tube seals. 

The dc blocking capacitors are surplus Centralab 
100-pF, 5000-volt ceramic capacitors. Two are used 
on each line to handle the rf current. The homemade 
variable capacitor C5 tunes the plate circuit. Note 
that this type of capacitor structure has no wiping 
contacts. All the rf currents flow through a fixed path 
which provides very smooth tuning with no jumping 
meter readings. The load capacitor C6 is constructed 
in a similar manner. 

The plate choke L7 is visible in the photograph of 
the plate compartment. It is connected to the plate 
collet assembly with the Erie high voltage feed¬ 
through capacitor C7. 




and L6. Two assemblies are needed for the plate circuit. 


construction 

The 220-MHz power amplifier is built in an en¬ 
closure measuring 8 x 12 x 7-1/4 inches (20 x 30 
x 18 cm). The 8877 socket is centered on an 
aluminum deck 5 inches (12.7 cml from the top of 
the enclosure. A centrifugal blower* forces cooling 
air into the under chassis area; the air escapes 
through the air-system socket, the teflon chimney 
(SK-2216), and then the tube. The warm air is ex¬ 
hausted through a "waveguide beyond cut-off" air 
outlet. This is an assembly which has expanded 
metal about 1/2 inch (12 mm) thick, mounted in a 
frame. A perforated aluminum cover may suffice in 
most cases, although restricts air flow slightly more 
and is not a very good rf shield at 220 MHz. 

The plate tuning mechanism is shown in fig. 3. 
This simple apparatus will operate with any variable 
plate capacitor, providing a back-and-forth move¬ 
ment of about one-half inch. It is driven by a counter 
dial and provides a quick, inexpensive, and easy 
means of driving a vhf capacitor. The ground return 
path for the grounded capacitor plate is through a 
wide, low inductance beryllium-copper or brass shim 
stock which provides spring tension for the drive 
mechanism. 

The variable output coupling capacitor is located 
at the side of the 8877 anode. The type-N coaxial 



fig. 6. Anode collet and capacitor plate support assembly. 
The two fixed capacitor plates for C5 and C6 are mounted to 
the assembly using copper pop-rivets and then soldered. 
The two remaining bent-up edges are for mounting the 
blocking capacitors C3 and C4. The finger-stock is soft- 
soldered into the large hole in the center. A tight fitting 
aluminum disc helps to hold the finger stock in place while 
soft soldering with a hot plate. 

'Recommended blower is the Dayton 4C446, a 115-Vac unit rated to deliver 
cooling air at 135 cubic feet per minute (3.8 cubic meters) with a static pres¬ 
sure equivalent to 0.2 inch (5 mml of water. 


16 june 1980 




fig. 7. Variable plate portion of the loading capacitor C6. The beryllium-coppar portion carries the rf current to the type-N 
coaxial connector as well as providing spring tension on the tuning mechanism. Because of the constant rf conducting 
path, the loading is very smooth with no jumpiness. 


output connector is connected to the moveable ca¬ 
pacitor plate by a wide beryllium-copper strap. The 
capacitor plate is driven in a manner similar to the 
tuning capacitor as shown in fig. 7. 

The plate line is made up of two inductors L5 and 
L6 (see fig. 5! and the anode collet and capacitor 
assembly shown in fig. 6. With the inductor sizes 
given, the amplifier can be tuned from 220 to 222.5- 
MHz; no tests were run above 222.5-MHz. 

The plate rf choke is mounted between the junc¬ 
tion of the anode collet and a pair of the dual block¬ 
ing capacitors. The high-voltage feedthrough capaci¬ 
tor is mounted on the front wall of the plate compart¬ 
ment. The blocking capacitors are rated for rf serv¬ 
ice, and inexpensive television-type capacitors are 
not recommended for this amplifier. 

operation 

Amplifier operation is completely stable with no 
parasitics. The unit tunes up exactly as if it were on 
the hf bands. As with all grounded-grip amplifiers, 
excitation should never be applied unless the plate 
voltage is on the amplifier. 

The first step is to grid-dip the input and output cir¬ 
cuits to near-resonance with the 8877 in the socket. 
An SWR meter should also be placed in series with 
the input line so the input network may be adjusted 
for lowest SWR. 

Tuning and loading follows the same sequence as 


any standard grounded-grip amplifier. Connect an 
SWR indicator at the output and apply a small 
amount of rf drive. Quickly tune the plate circuit to 
resonance; the cathode circuit should now be reso¬ 
nated. The SWR between the exciter and the 
amplifier will not necessarily be optimum. Final ad¬ 
justment of the cathode circuit for minimum SWR 
should be done at full power because the input impe¬ 
dance of a cathode-driven amplifier is a function of 
the plate current of the tube. 

Increase the rf drive in small increments along with 
the output coupling until the desired power level is 
reached. By adjusting the drive and loading together 
it will be possible to attain the operating conditions 
given in the performance chart in table 1. Always 
tune for maximum plate efficiency: maximum output 
power combined with minimum input power. It is 
easy to load heavily and underdrive to get the desired 
power input but power output will be reduced if this 
is done. 

references 

7. R. Sutherland. W6U0V, "Two Kilowatt Linear Amplifier for Six 
Meiers," ham radio, February. 1971, page 16. 

2. R. Sutherland. W6UOV, "High Performance 144-MHz Power 
Amplifier," ham radio. August. 1971. page 22. 

3. M. Partin, K6DC, "Custom Design and Construction Techniques for 
Linear Amplifiers," OST, September, 1971, page24. 
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Woodpecker 
noise blanker 


The Russian 
over-the-horizon radar 
has been causing 
interference on the 
high-frequency bands — 
here’s a noise blanker 
that helps 


Anyone who operates regularly on the high- 
frequency Amateur bands has probably run into in¬ 
terference from the Russian over-the-horizon radar 
which operates between 10 and 30 MHz; because of 
its peculiar sound, it is popularly known as the "Rus¬ 
sian Woodpecker." The noise-blanker circuit shown 
in fig. 1 was designed especially by M. Martin of the 
Hahn-Meitner Institute in West Berlin to blank the 


Woodpecker noise pulses; 1 this unit is also suitable 
for blanking out the Loran pulses that plague long¬ 
distance communications on the Amateur 160-meter 
band. 

Although the circuit of fig. 1 was built for a 9-MHz 
i-f, it should be relatively easy to adapt the circuit to 
other i-f systems. The circuit requires only two inte¬ 
grated circuits and six transistors; it has a blanking 
range of about 80 dB and does not degrade the re¬ 
ceiver's dynamic range. 

circuit description 

The rf signal is picked up at the receiver's first mix¬ 
er (9 MHz in this case), amplified by the CP643 fet 
amplifiers, and fed through the four diode gate, 
which is frequency compensated: the output is de¬ 
signed to drive a 9-MHz crystal filter. It should be 
possible to use this same basic circuit over the range 
from about 3 MHz to 70 MHz by changing the fre¬ 
quency tuned circuits. 

A small fraction of the rf signal is coupled through 
the BF246C source follower and a tuned circuit to the 
Siemens TCA440 1C, which is actually a complete 
a-m receiver on a single chip;* this 1C operates up to 

‘Circuit designers who are interested in developing the Woodpecker blank¬ 
er for use in the Drake R4C, Collins 75S-3C, and other Amateur communi¬ 
cations receivers please contact the editor. 


By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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fig. 1. Schematic of the noise blanker that can be added to most modern communications receivers for reducing Woodpecker 
interference between 10 and 30 MHz. This device is also suitable for blanking out Loran pulses on the Amateur 160-meter band. 


40 MHz and is available in the United States. The 
TCA440 contains its own oscillator and converts the 
9-MHz signal to a lower i-f (about 2 MHz) where it is 
amplified and detected. (The audio test output is for 
monitoring the AGC action of the TCA440 receiver 
section.) The BF246 source follower drives the 
2N3965 amplifier which has an adjustable trigger 
threshold; this in turn drives the 74LS123 Schmitt 
trigger. The Schmitt trigger, through voltage- 
translator transistor 2N2219, activates the diode 
gate. 

Designer Martin has shown that this arrangement 
has an intercept point of about 26 dBm and the 
switching gate has a depth of approximately 80 dB. 


In practice, with this noise blanker, the Woodpecker 
noise pulses are completely nulled out, allowing the 
weakest high-frequency signals to be received suc¬ 
cessfully. 

This circuit is relatively simple, easy to build, and 
not critical. Some care is required when building the 
switching gate, however, to eliminate rf signal leak¬ 
age; good balance is required. 

reference 

1. Michael Martin, DJ7VY, "Modemer Storaustaster mid hoher Intermod- 
ulationsfestigkeit gegen den 'Specht' und andere Pulse," CQ DL (West 
Germanyl, July, 1978, page 300. 
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automation 
for synthesized 
2-meter mobile stations 


Meet the Auto-mate — 
a design for 
improving operation 
of 2-meter radios 
using synthesizers 

You say you've joined the crowd and have 
stopped buying crystals for your 2-meter rig? Now 
that you're into synthesizers and can dial up every¬ 
thing from the area's most valuable and used ma¬ 
chine to the three-man operation 50 miles (80 km) 
away, no doubt you wish you could keep track of all 
the action. It gets rather scary when you try to 
manipulate all those dials in the darkness of your 
automobile. 

This article may not solve all your problems, but it 
goes a long way toward making your mobile opera¬ 
tion safer and more fun. It allows you to eaves¬ 
drop on the metropolitan chaos while keeping both 
hands on the wheel. I'll show you how to automate 
your synthesizer so that it "knows" exactly what you 


want when you dial in only the desired receiver fre¬ 
quency. I'll show you how to add scanning push-to- 
talk/push-to-receive controls to relieve you from 
"mobile thumb" derived from holding down the PTT 
button, and more. In the end you'll have 1) a radio 
setup that has a synthesizer up front with you and a 
trunk-mounted radio if you desire (sorry thieves!), 2) 
short microphone wires to avoid trash pickup in mo¬ 
bile operation, and 3) a unit you can run in complete 
darkness. I call it the Auto-mate. 

background 

My project began with an article by Bob Fanning, 
K4VB, and Gary Grantland, WA4GJT. 1 This article 
showed how to build an 800-channel synthesizer 
from boards and parts supplied by the authors. 

I had already fallen in love with the KLM 2700 syn¬ 
thesized radio I use for a base station on 2 meters, so 
synthesis had to be the way to go for mobile opera¬ 
tion. I mounted a Heath HW-202 in the trunk of my 
Toyota. It became a case of running a huge wiring 
harness or settling for one channel (trunk chosen) 
and stopping every time I wanted to change chan¬ 
nels. This doesn’t make for the greatest operation 
when you travel around the country! In addition, I 
had alternator whine because I tried to run un¬ 
shielded microphone lines to the trunk to simplify the 
wiring. Bob and Gary 1 gave me the solution to that 
one with their synthesizer, because you can modu- 


By D. J. Brown, W9CGI, R.R. 5, Box 39, 
Noblesville, Indiana 46060 
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late the sythesizer up front and run only two small rf 
coaxial cables to the trunk for full-channel control. 

The synthesizer 1 used two BCD-encoded output 
switch sets to control channel selection and a sepa¬ 
rate switch to control transmit and receive modes. 
This can be quite confusing in a mobile, even in the 
daylight; at night it becomes a disaster! I can't give 
enough praise for the synthesizer, boards, parts, and 
most of all, the personal help by K4VB and 
WA4GJT. If you are about to go the synthesizer 
route on any rig, do read their article, 1 and look into 
this one further. 

How would you like to dial up only the receive fre¬ 
quency on one BCD switch, set (three) switches and 
have a readout automatically tell you your switches 
are set correctly for both transmit and receive? 

switching logic 

If you're acquainted with BCD codes for the 
numbers 0-9 (you can learn them very quickly, I as¬ 
sure you), you can use inexpensive SPST switches 
for one BCD set and the second set can be eliminated 
altogether. If you arrange the BCD sets as two rows 
of four switches for the 100s and 10s of kHz, and a 
ninth switch to control the 146- or 147-MHz choice, 
you can do your setup in the dark. 

The action is totally by feel. For example, you feel 
the front panel and locate the top row or switches. 
Flip up the right-hand three switches (A - B - C, from 
right to left — a decimal 7). Drop down to the second 
row. Flip the middle pair up (B - C, from right to left 
— a decimal 6). Make sure the MHz switch, placed 
by itself, is to the left (146 MHz, or lower segment), 
and you'll be on our local machine: 16/76. It's just 
that simple and you can do it blindfolded. If you're in 
Indiana, please, don't do this to prove a point while 
drivingl It's really easier than the decimal-faced/BCD 
output switches and cheaper. 

control circuit operation 

Now you must be wondering what takes the place 
of the BCD set switches (at $10 per set), besides one 
set of SPST switches. Simple TTL gates! (And very 
few of them, thanks to our band plan setup.) Consult 
the tables included here and you'll see the very nice 
arrangement of our channels. Pay close attention to 
the numbers in bold type, as these are the only num¬ 
bers on which my circuit operates. The 10s of kHz 
are fed in straight from the switches of that row (I 
suggest the bottom row). This is a 1 - 2 - 4 - 8 line 
combination in Bob and Gary’s article. 1 The 146/147- 
MHz solution is by another single switch, rather than 
by a BCD deck. I simplified matters by wanting only 
the 2 MHz. The 100s of kHz (in bold face) are the on¬ 
ly numbers processed on the gate board. 


some examples 

You feed the switch information into the gate 
board on A - B - C - D, and their respective outputs 
are marked 10 - 20 - 40 - 80, as in reference 1. The 
scheme will work on any synthesizer using the same 
encoding shown in fig. 1, which is from reference 1. 
The authors use TTL 7400 NAND gates at the switch 
inputs to allow for the dual switches. Some synthe¬ 
sizers require true BCD inputs directly to an up/down 
counter to set "jam" inputs. Just add inverters to the 
10 - 20 - 40 - 80 lines for these models and wire the 
other switches for true data as well. 

For my example frequency of 146.76 MHz, the 7 
would be A - B - C low and D high, at the 10 - 20 - 40 - 
80 lines that are my board outputs. If you must have 
true data, invert the 10 - 20 - 40 - 80 outputs — not 
the data from the switch feeding my gate board. My 
board has true data as inputs and it outputs inverted 
data as shown. 

gating circuit 

For the same example, the 7 is operated on my 
board (remember the A - B - C inputs are high and 
the D low). In receive, and in all simplex channels, 
the information is handled by gate U1 (fig. 2). The A 
- B - C high and D-low condition results in a low on 
U1 pins 3, 6, 8, and a high on pin 11. These are the 
outputs of my board and the inputs to the synthesiz¬ 
er 7400 gates. The gate on the synthesizer board 1 in¬ 
verts the data and sets it for the jam inputs of the 
counters. Be sure to wire the 100s of kHz for true in¬ 
puts to the gate board, and the 10s of kHz and MHz 
switches for the inverted data, as showp for the syn¬ 
thesizer board 1 since that's where they're connected. 
(See fig. 3 for details.) 

144-147 MHz coverage 

There's a good design scheme in the synthesizer 1 
that only allows the 4-MHz frequency spread from 
144-148 MHz to be dialed in. A 4 is hardwired on the 
C jam line input (400). Only two wires come from the 
BCD deck switch that are used in the synthesizer for 
MHz. These two lines allow you to add a 0 -1 - 2 - 3 
to achieve 144 + 0 - 144 + 3 as a usable MHz 
figure. Thus, you get 144+ - 147+ MHz coverage, 
so I only have to enter a 2 or 3 on the two lines. The 2 
(for 146 MHz) requires the A line to be low and the B 
line to be high. The 3 (for 147 MHz) requires the A 
and B lines to be 800-line high. 

I ran the 200 line as a hardwire to ground as in the 
circuit of reference 1, causing the B input after the 
gate to always be high. Then I tied the 100 line to + 5 
volts through a 2200-ohm resistor. When the MHz 
switch is to the right in the 147-MHz position, it 
grounds the 100 line through the 2200-ohm resistor 
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fig. 2. Schematic of the Auto-mate gate board. U1. U2, U3 are 7403s. U4and US are 7400s. U6 is a 7404. 


and causes the required high on the A line. For 146 bandplan considerations 
MHz, the switch is merely an open circuit on the 100 

line for a low on the A line. My board takes care of the required 146.16 MHz 

The lOs-of-kHz-lines switches (1 - 2 - 4 - 8) are when, and only when, you want to transmit. You 

wired upside down from your normal true data really don't care about the transmit frequency as long 

switches (fig. 4). From my example 146.76 MHz), as it's a) correct for the bandplan (same for simplex, 

you want the switches to provide a low on the 8 and and split for repeaters), and b) in the legal band. I 

C (or 2 and 4) lines. The inversion to true data is han- solved the first requirement by my circuit, which 

died by the gates on the synthesizer board. automatically senses the receive frequency dialed in 

All this allows switching in the receive frequency at as being either simplex or repeater and processes it 

all times. In my area, a 16/76 machine is referred to accordingly. Bob and Garyi solved the second prob- 

as 76; to hear you dial up, switch in, or tune in lem by limiting operation to 144-148 MHz on their 

146.76 MHz. synthesizer board. As long as these requirements are 
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met why bother with dialing in the transmit frequen¬ 
cy? For those who want to go upside down (i.e., 76/16 
if the repeater is down), it's as simple as dialing in the 
transmit frequency. My board will still shift things 
correctly for the actual transmit cycle. If you dial in 
146.16 MHz to receive, you'll automatically transmit 
146.76 MHz. This proper shift holds true for all 
repeater pairs anywhere in the 146-147 MHz region. 

gating-circuit operation 

The simple gates are easy to follow, line-by-line, in 
fig. 2. I'm sure you want to know how the circuit 
does its tricks. For this, see the tables. I'll cover only 
the 146-148 MHz region I use. 

All my board does in the repeater function is add or 
subtract the proper 600 kHz from the receiver fre¬ 
quency that you've input to the switches. The tables 
show you how the bandplan allows this function. In 
the 146-MHz region, the receive-frequency numbers 
dialed in, such as 6 - 7 - 8 - 9 for the 100s of kHz col¬ 
umn, result in 0 - 1 - 2 - 3 respectively (i.e., 76 
receive/16 transmit) (table 3). For all these repeater 
pairs, my board gives a 600-kHz offset number no 
matter which one you dial in. 

To set up a frequency (remember, choose the re¬ 
ceive frequency), choose the MHz frequency by a 
switch totally independent of my board. Then 
choose the 100s of kHz going through my board by 
using the receive frequency. Then, choose the prop¬ 
er 10s of kHz and you're finished. When you press 
the PTT switch to transmit, my board will process the 
shift automatically whether you're in the 146- or 147- 
MHz region. 

Gate U1 (fig. 2) handles all receive codes dialed in 
and all simplex transmit codes (the same as in the re¬ 
ceive mode) and passes them to the synthesizer 
board. The left half of U2 operates on all repeater fre¬ 
quencies to pass line A (unaffected by the 600-kHz 
number shift), and an inverted line B (for all repeater 
shifts in transmit) to the synthesizer (lines 10 and 20). 
The right half of U2and the adjoining half of U3 han¬ 
dle the C and D line inversions when required. 

simplex operation 

For all numbers 0-9, the B line is low and the C line 
high for only two numbers, 4 and 5, which detects 
the simplex frequencies you dial in. This is handled 
by U6 pins 5, 6 (inverting the B low to a high that can 
be gated in a TTL NAND gate), U5 and pins 1, 2 to 
gate the IT and C together for a low at U5 pin 3, 
causing a high at U5 pin 6 and enabling all of U1 for 
simplex transmit. In receive, a high U5 pin 6 keeps U1 
in use. This high is caused by a low at U5 pin 5 re¬ 
gardless of what occurs at U5 pin 4 and comes from 
the HT line (high on transmit; therefore low on 



polmoN poimoN poamoN 

UP DOWN 00 WN <f V ) UP SIGHT / \ LEFT 

EXAMPLE: INVERT THE EXAMPLE: EXAMPLE: 

* OF HA T*. TRUE T OF I4E.T0. OATA TO MAKE 6 


fig. 3. Panel-switch positions and relationship between the 
gate board and synthesizer board. The 100s of kHz should be 
wired for true inputs to the gate board. The 10s of kHz and 
MHz switches should be wired for inverted data (see text). 


receive) of the synthesizer board connected to U5 
pin 5. 

Without going further into a line-by-line descrip¬ 
tion, the other numbers of a repeater nature are de¬ 
tected by similar gating means and are used to con¬ 
trol the function of the gates in the right half of U2 
and left half of U3. All these outputs are paralleled so 
that only the correct one operates on the 10 - 20 - 40 - 
80 output lines from the gate board. Control is main¬ 
tained by lines such as the one line to all four gate in¬ 
puts of U1 pins 1, 4, 9, 12. If this line goes low, re¬ 
gardless of the other inputs from A-B-C-D, all out¬ 
puts will go high. In this case the gate is entirely out 
of the picture. 

I'll be glad to answer any questions on the gate 
board upon receipt of a self-addressed stamped en¬ 
velope. Questions on whether the synthesizer can be 
used on your radio should go to Bob and Gary.i* For 
questions on whether my scheme for automation will 
work between your switches and another synthe¬ 
sizer, send me a large copy of your schematic and I'll 
try to help you if I can. The Auto-mate should work 
on any synthesizer into which the count chain is fed 
as real frequency date, not as fancy codes! 

Be sure to leave the leads a bit long between a) the 

*G&F Electronics. P.O. Box 4151, Huntsville, Alabama 35802. 
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table 1. Amateur 2-meter bandplan for 146-MHz showing binary-coded decimal equivalents for input 
and output switching in the Auto-mate. Numbers in boldface type are those on which the circuit 
operates. 


dial in 
receive 
frequency 
14 6 0 1 
14 6 0 4 
14 6 0 7 
14 6 1 0 
14 6 1 3 
14 6 1 6 
14 6 1 9 
14 6 2 2 
14 6 2 5 
14 6 2 8 
14 6 3 1 
14 6 3 4 
14 6 3 7 
14 6 4 0 
14 6 4 3 
14 6 4 6 
14 6 4 9 
14 6 5 2 
14 6 5 5 
14 6 5 8 
14 6 6 1 
14 6 6 4 
14 6 6 7 
14 6 7 0 
14 6 7 6 
14 6 7 9 
14 6 8 2 
14 6 8 5 
14 6 8 8 
14 6 9 1 
14 6 9 4 
14 6 9 7 


transmit 
type frequency 

I R 14 6 6 1 

I R 14 6 6 4 

I R 14 6 6 7 

I R 14 6 7 0 

I R 14 6 7 3 

I R 14 6 7 6 

I R 14 6 7 9 

I R 14 6 8 2 

I R 14 6 8 5 

I R 14 6 8 8 

I R 14 6 9 1 

I R 14 6 9 4 

I R 14 6 9 7 

S 14 6 4 0 

S 14 6 4 3 

S 14 6 4 6 

S 14 6 4 9 

S 14 6 5 2 

S 14 6 5 5 

S 14 6 5 8 

R 14 6 0 1 

R 14 6 0 4 

R 14 6 0 7 

R 14 6 1 B 

R 14 6 1 6 

R 14 6 1 9 

R 14 6 2 2 

R 14 6 2 5 

R 14 6 2 8 

R 14 6 3 1 

R 14 6 3 4 

R 14 6 3 7 


146. x 1 
D C B A 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 10 
0 0 10 
0 0 10 
0 0 11 
0 0 11 
0 0 11 
0 10 0 
0 10 0 
0 10 0 
0 10 0 
0 10 1 
0 10 1 
0 10 1 
0 110 
0 110 
0 110 
0 111 
0 111 
0 111 
10 0 0 
10 0 0 
10 0 0 
10 0 1 
10 0 1 
10 0 1 


outcode 
0 C B A 
0 110 
0 110 
0 110 
0 111 
0 111 
0 111 
0 111 
10 0 0 
10 0 0 
10 0 0 
10 0 1 
10 0 1 
10 0 1 
0 10 0 
0 10 0 
0 10 0 
0 10 0 
0 10 1 
0 10 1 
0 10 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 10 
0 0 10 
0 0 10 
0 0 11 
0 0 11 
0 0 11 


relationship 
(I = Invert) 
D C B A 


switches and the gate board, b) the other switches 
and the synthesizer, and c) between the outputs of 
the gate board and the synthesizer. No high frequen¬ 
cies are on these leads so there'll be no radiation 
problem. Just don't dress the leads down around the 
VCO area. If you leave the leads a bit long you can 
add scanning, push-to-talk/push-to-receive circuits, 
and more. 

further automation: 
scanning and PTT/PTR 

In this part of the article I describe another simple 
board requiring nine or fewer ICs, of which three are 
simple "less-than-25-cents" gates. The total 1C cost, 
from a recent ad, is $3.56. This circuit may be added 
between the synthesizer input switches and the syn¬ 
thesizer board to provide scanning of a full MHz (or 
part), push-to-talk/push-to-receive (PTT/PTR) con¬ 
trol to ease the "mobile thumb" problem, and full 
scan control from the PTT switch on the microphone. 

It's a nice package in itself. Note that this board is 


connected between the receive encoder switches 
and the synthesizer board. You'll still transmit on 
whatever command is dialed into the transmitter 
switches. The small expense of building both boards 
makes full automation the way to go. Should your 
synthesizer need true BCD codes at the synthesizer 
board inputs I've provided information for the 1C and 
wiring changes. 

This part of the article is arranged into the follow¬ 
ing parts: Scanning counter/jam inputs (fig. 4 ). 
PTT/PTR and scan/halt control circuits (fig. 5). Input 
and output processing (fig. 6), and what, where and 
why of the timing circuits (fig. 7). 

scanning 

Scanning is accomplished by feeding the binary 
outputs from a counter pair to the synthesizer gate 
inputs on the synthesizer board. These outputs 
change during scan and thus change the encoded in¬ 
put information choosing the channels. Which fre¬ 
quency band (MHz) that’s to be scanned remains a 
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table 2. Amateur 2-meter bandplan for 147-MHz showing binary-coded decimal equivalents for input 
and output switching in the Auto-Mate. Numbers in boldface type are those on which the circuit 
operates. 


frequency type 

14 7 0 0 R 

14 7 0 3 R 

14 7 0 6 R 

14 7 0 9 R 

14 7 1 2 R 

14 7 1 5 R 

14 7 1 8 R 

14 7 2 1 R 

14 7 2 4 R 

14 7 2 7 R 

14 7 3 0 R 

14 7 3 3 R 

14 7 3 6 R 

14 7 3 9 R 

14 7 4 2 S 

14 7 4 5 S 

14 7 4 8 S 

14 7 5 1 S 

14 7 5 4 S 

14 7 5 7 S 

14 7 6 0 I R 

14 7 6 3 I R 

14 7 8 6 I R 

14 7 6 9 I R 

14 7 7 2 I R 

14 7 7 5 I R 

14 7 7 8 I R 

14 7 8 1 I R 

14 7 8 4 I R 

14 7 8 7 I R 

14 7 9 0 I R 

14 7 9 3 I R 

14 7 9 6 I R 

14 7 9 9 I R 


transmit 
frequency 
14 7 6 0 
14 7 6 3 
14 7 6 6 
14 7 6 9 
14 7 7 2 
14 7 7 5 
14 7 7 8 
14 7 8 1 
14 7 8 4 
14 7 8 7 
14 7 9 0 
14 7 9 3 
14 7 9 6 
14 7 9 9 
14 7 4 2 
14 7 4 5 
14 7 4 8 
14 7 5 1 
14 7 5 4 
14 7 5 7 
14 7 0 0 
14 7 0 3 
14 7 0 6 
14 7 0 9 
14 7 1 2 
14 7 1 5 
14 7 1 8 
14 7 2 1 
14 7 2 4 
14 7 2 7 
14 7 3 0 
14 7 3 3 
14 7 3 6 
14 7 3 9 


0 C B A 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 10 
0 0 10 
0 0 10 
0 0 11 
0 0 11 
0 0 11 
0 0 11 
0 10 0 
0 10 0 
0 10 0 
0 10 1 
0 10 1 
0 10 1 
0 110 
0 110 
0 110 
0 110 


0 0 0 0 
10 0 0 
10 0 0 
10 0 1 
10 0 1 
10 0 1 
10 0 1 


out code 
D C B A 

0 110 
0 110 
0 110 
0 110 
0 111 
0 111 
0 111 
10 0 0 
10 0 0 
10 0 0 
10 0 1 
10 0 1 
10 0 1 
10 0 1 
0 10 0 
0 10 0 
0 10 0 
0 10 1 
0 10 1 
0 10 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 10 
0 0 10 
0 0 10 
0 0 11 
0 0 11 
0 0 11 
0 0 11 


relationship 
(I = Invert) 
D C B A 


function of the 146/147 MHz switch described pre¬ 
viously and has no bearing whatever here. It's a 
manual, front-panel switch choice — no scanning 
involved. 

Installation notes. To install the scanning circuitry, 
break the long leads described above and insert this 
in series. Trace the circuit from the switch line of 10s 
and kHz A line to the synthesizer gate input at R1 of 
fig. 4. You'll see two Xs on the line that were one at 
the same point before you open the lead, as pre¬ 
viously connected. Each other pair per lead is the 
same, i.e., B to R2 — Xs were the same point, C to 
R4 — Xs, etc. Where you open the leads will depend 
on where you place your new board. I'd mount the 
new board, make the break, and reconnect two 
points of each lead, one lead at a time. 

Counters. The counters chosen for scanning are 
binary (not BCD or decade) for a very good reason, 
even though each one must count only ten positions 


to cover the 100 possible frequencies of each mega¬ 
hertz. (Because of the original synthesizer input 
scheme, you could dial in every 10-kHz increment, 
even though the channels are every 30 kHz). (See 
table 4.) Note that in my synthesizer, a BCD (in¬ 
verted) code is required at the synthesizer gate in¬ 
puts. The easiest way to accomplish this and still 
scan in an up (increasing frequency) direction with¬ 
out a lot of inverters is as follows. 

From table 4, you'll see that to obtain a decimal 0 
at the synthesizer counter jam inputs you must feed 
the inverse BCD (i.e., BCD) to the synthesizer board 
input gates. This happens to be a decimal 15. Or, for 
a BCD 0 (0000) you need a gate input of 15 (1111). 
For the next step of 1, you need a 14, for 2, a 13, and 
so on. Thus, you require a binary counter that sets to 
15, counts downward to 6 (10 counts), detects the 
next count of 5 without changing from the 6 outputs 
(reset or load takes precedence over count), and 
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fig. 4. Scanning counter and Jam inputs to the synthesizer counters. The lOs-of-kHz switch outputs and gate-board outputs are 
inverted BCD data, which can be fed directly into U3. U4, the counter ICs. 

uses the detected 5 to set 15 again. This is the same (fig. 4). You're then in manual mode regardless of 

as counting from 0 to 9 in inverted BCD — or from 15 the states on HI and H2 or whether the control (fig. 

to 6 in binary. It's the same if you want the same 5) is in SCAN or HALT. 

count sense (up) and inverted outputs. Second, the switches of 100s and 10s of kHz must 

The outputs of the lOs-of-kHz-switches and the be in their decimal zero position (all switches down) 
gate board are inverted BCD outputs. They can be to feed the required 15 BCD to the counters (U3, U4, 

fed into the jam inputs of the new scanning counter fig. 4) during reset, or load as it's called here. This is 

set, U3, U4 (fig. 4). When the load line (U3, U4 pin because, instead of clearing the counters (reset to 0 

11) goes low, this information is passed directly to by a high on pin 14), you want to reset to 15. You do 

the outputs and to the synthesizer gate inputs — in- this by briefly pulsing the proper load line low with 

verted and with the correct code (BCD). This fact, the outputs from U1 pin 6 or U1 pin 3 (fig. 4). If all 

(load line low to load the switch inputs) brings out switches are set to 00 (i.e., 146.000 MHz), the whole 
some interesting sidelights and benefits. MHz segment will be scanned. Setting 00 puts the 

First, for manual switch control and no scan, all required 15-15 on BCD pulses on the synthesizer gate 
you do is to force the load lines low with switch SI inputs. 
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If you don't want the full MHz coverage, just set 
the 10s of kHz switch to 0 (all down - a must during 
all but manual mode), and the 100s of kHz switch to 
the lowest 100s of the kHz switch you wish to scan. 
Example: for the 146-MHz region, set the 100s of kHz 
switch to 6 (146.60) (B-C switches up), and you'll 
hear all repeater outputs. Set a 4 (146.40) (C switch 
up) and you'll get all simplex and repeater transmis¬ 
sions. This saves time by not scanning the repeater 
inputs. 

If you like these ideas and have a synthesizer that 
requires BCD true data, you'll need a different 
counter scheme (fig. 8 ). Suggestion: build the gate 
board and the scan counter set (fig. 4) and add in¬ 
verters at each of the upper Xs of fig. 4. If you then 
bring the outputs for true and inverted BCD to a plug, 
you can run the whole gadget on any synthesizer 
that requires direct frequency codes in BCD or BCD, 
but not the models that require a special code. 

PTT/PTR and scan/halt 

Around my house there's just too much noise and 
unplanned interruptions to warrant VOX operations 
on any of the base station equipment. On the other 
hand, holding down a PTT microphone button for 
long periods during a 24-hour contest is no thrill 
either. Long ago I went to a push-to-talk/push-to- 


receive operation on all the base station radios; for 
mobile work it's even nicer. You can even go to a 
visor-mounted microphone and a steering-column or 
floor-mounted pushbutton for full hands-off control. 
No more hassles with a shift lever and the micro¬ 
phone cord I 

how it works 

As the PTT switch is closed, a pulse generated 
from OS-1, a 74121 one shot, (fig. 7), is directed to 
two gate inputs. You can vary the width of this pulse 
to suit yourself as in fig. 7, but I've found that 1 sec¬ 
ond is a nice average number with which to start. 
When the PTT switch is released, another much 
shorter pulse is generated by OS-2. If the switch is 
released within the 1-second timeframe of Pi (fig. 5), 
the high of Pi and ?2 triggers U1 pin 11 low for a P 2 
wide pulse (i.e., a short blip on the PTT switch). 

This short pulse is stored as a change of state in 
one-half of a 7473 that controls the H2 line. A low on 
H2 turns off gate U1 (fig. 4 ) and cuts off the clock 
pulses to the scan counter set — scanning stops. An¬ 
other blip on the PTT and you're scanning again as 
the 7473 again changes state. This blip can be ex¬ 
tremely brief. Unless you have a very quick transmit¬ 
ter, it won't be heard on the air. My circuit, used on a 
Heath HW202, is silent if I stab the PTT switch 
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fig. 6. Input-output processing circuits. At (A) is a voltage doubler to handle the TTL gate input at U1 pin E (fig. 5). Component 
values have been chosen for maximum audio fidelity consistent with reliable halts during scanning. A keying system is shown in 
(B). U1, part of a 7403. will safely handle currents of 16 mA, but the relay circuit is recommended. CR4 is one of the 1N4000 family 
(approximately 50 volts at 1 ampere). 




fig. 7. Timing circuitry; (A) shows the scanning clock, an 
NE-566 1C; (B) shows OS-1 and OS-2 timing-capacitor selec¬ 
tion as a function of pulse length and period. 


because the HW202 is relay-switched from receive to 
transmit. 

Operation. To use the system, we'll start off in 
receive and unit scanning. Ahl There's Joe on the lo¬ 
cal machine. (How the scan stops to hear this in the 
first place is covered under input/output process¬ 
ing, but it does halt when it hears a station.) Then, to 
stay there and talk to Joe, blip the PTT microphone 
switch. Scan is now Halt through a H2 low. Joe 
finishes with Harry; now you want to talk to Joe. 
Firmly press the PTT for some period longer than you 
set up the Pi pulse width. Release any time after 
that. Immediately when you release the PTT switch, 
you're on the air in transmit. As you dear the end of 
your first go-around, again press the PTT switch firm¬ 
ly a few seconds before the end. When you release 
the PTT switch, you immediately return to receive — 
scanning is still unaffected and in Halt. Simple? Not 
much different, really, except the first release-to- 
transmit part! 

For long-winded souls on quick-natured repeaters, 
you can even hook in an automatic timer to control 
the end of transmission. Several have appeared late¬ 
ly, so I won't go into any specifics here. Just wire the 
timer so that the act of going to transmit (U2A pin 13 
low) triggers the timer on; the timer running out 
places a pulse low on U2B pin 6 (for a clear to receive 
command). See fig. 5. Wire so that a shorter conver¬ 
sation both resets to receive and resets the timer. Set 
the timer duration for about 10 seconds less than that 
of your local machines. 

You don't even need a reset timer if the timer is of 
the 555 type. Just be sure to use the pulsed output to 
clear U2B and not toggle, as it does the PTT switch. 
If you've already returned to receive through the PTT 


june 1980 ffl 29 







fig. 8. Schematic for synthesizers requiring true BCD input. 


switch before the timer times out, this will pulse U2B 
to receive. If you return to receive and switch back to 
transmit before the first time period has run out (as 
often happens), the second return to transmit will 
again give you a full time period, as the 555 can be re¬ 
triggered. 

input/output processing 

This is the easiest part of all. Output processing 
means whether or not to add the relay and/or addi¬ 
tional transistor output stages to U1 pin 6 (fig. 5) to 
handle key-line currents of greater than 15 mA or 
voltages higher than about +12 volts. If in doubt, 
use the relay and send a nice, firm relay ground con¬ 
nection back to the radio to key the transmitter. 

As for input processing, the control lines into the 
control section of fig. 5 come from two points on the 
synthesizer I used. The control signals are TTL levels 
and a low is applied to OS-1 when the PTT switch is 
closed (keying the transmitter). A high is applied to 
OS-2 at that same time. If you don't have these con¬ 
trols, they should be easy to come up with. Just limit 
the high to about + 5 volts. The low should be near 
ground to protect the inputs of OS-1 and OS-2. 


I trunk-mounted my radio and wanted as few wires 
as possible back and forth, so I installed full volume 
audio to my synthesizer/control head and put a pad 
up front. This pad can be a low-impedance T pad if 
you have the room. With the radio volume control 
full clockwise or on, I put a resistor in series with the 
high-side speaker lead that reduced the volume to a 
comfortable level. The switch shorts out the resistor 
for the weak ones. I was cramped for space. With full 
volume coming forward the speaker is silent when 
full squelched and has plenty of audio available at the 
control head when a station comes on. Rectify this 
audio and you have a stop-scan signal, HI. 

Looking at fig. 6A, a voltage doubler ensures that 
there's always enough voltage to handle the TTL gate 
input at U1 pin 1 (fig. 5). Diode CR3 (fig. 6) con¬ 
nected to + 5 volts limits the input to U1 pin 1, fig. 5, 
to a TTL high level. The capacitor at the diode 
cathode ensures that no audio peaks over +5 volts 
will appear on the + 5 volt line. 

The 100-ohm resistor (fig. 6A) limits the gate input 
to +5 volts maximum without peak-limiting the 
audio peaks on the input side, which would distort 
the audio. You may have to decrease this value on 
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some radios with low-volume output, but use a value 
as large as possible to still have reliable halts on all 
the stations that are on air (seen as lows on HI). 

The RC network on HI in figs. 5 and 7B puts a 
hang effect on the action of HI. Keep R D within the 
limits shown and change Co to keep the HI line low 
between voice peaks or words. This is the alternative 
to running a wire from the radio to show a no¬ 
squelch condition. It also rejects any dead carriers 
with no modulation. If you use the wire, limit the 
voltage excursion to TTL levels and have a high for a 
station on frequency. 

,timing 

Fig. 7 is self-explanatory as to the what and 
where, but here are a few of the whys. For OS-1 tim¬ 
ing components, you're trying to create a pulse short 
enough that you don't have to hold the PTT down 
forever before releasing it to transmit. On the other 
hand, you don't want the pulse so short you could 
never use it for scan control. You can only blip your 
blipper so fasti I found the 1 -second pulse a good 
compromise. Blip controls scan reliably, and Joe 
won't mind waiting one more second to hear from 
you. 

The return to receive is no problem, as you know 

tablo 3. Processing scheme for 100s of kHz as a function of 
switch inputs for the gate board. Examples are shown for 
146.76 MHz (receive) and 146.16 MHz (transmit). 





table 4, Conversion from decimal to BCD code for up-scan 
(increasing frequency) at tha synthesizer counter jam inputs. 



best when you're going to stop talking and turn it 
back over. Just press the PTT button a few seconds 
(over 1 second will do) before turning it over to 
receive. Return to receive is immediate upon PTT 
release. As for the P 2 or P 3 pulse (depending when 
you release the PTT), I wanted a pulse that was much 
shorter than Pi. You must take some time getting on 
and off the PTT for a scan blip, so that uses Pi time. I 
figured a half second worst case, leaving half second 
if it's to be a P 2 scan-control pulse. Ten per cent of a 
half second (500 ms) is 50 ms, leaving a 90 per cent 
error margin, or Pi safety zone. My capacitor hap¬ 
pened to give me a 10 -ms pulse that works just fine. 

Just about any capacitor will give a pulse long 
enough. If your scan control PTT blips start putting 
you in transmit as well.the capacitor is too big, and 
P 2 is biting into the P 3 zone. Back off I 

The Cq, Rp on H -1 depend on your radio. I've pro¬ 
vided an Rp range and Cp starting point. Just use the 
advice under input processing to set things up. 

scan clock 

The scan counters (and even the switches) allow 
for increments of every 10 kHz, but there are stations 
only every 30 kHz. Therefore, the scan clock (fig. 
7A) can run at a frequency three times per second as 
fast as you wish to scan the possible channels. With 
the components shown, you can make about 1 . 2-12 
Hz, or less than one channel per second to four per 
second. 

Start with a slow scan and another radio tuned to a 
channel with lots of activity if possible. Then start ad¬ 
justing the scan clock capacitor, C, for faster rates 
(smaller C), after establishing Rpand Cp (fig. 7B)for 
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the desired hang delay on channel. You could go up 
to the TTL counter limit of 32 MHz were it not for 
other limiting factors and the fact it's ridiculous 
anyway. 

Some of the limits are found in a) the ability of the 
radio or, in my input circuit, to recognize a station 
and respond with a control stop only on H-1, b) the 
limit of the synthesizers to want data only so often 
(and settled data at that), and the fact that, as scan 
rates get high, trash is generated by switching that 
could cause havoc in the synthesizer itself. 

Use the second radio to determine when your ra¬ 
dio and scanner fail to stop on a station and remem¬ 
ber, you're scanning only to remove the drudgery of 
always flipping switches. 

stunt box fun 

My scanner and synthesizer are such that I can still 
do a few cute tricks late at night when activity is low. 
Every time my synthesizer board wants new switch 
data input, the load line of the switch data input 
counters (pin 11 that controls the counters on the 
synthesizer board) goes low. The counter set (U3, 
U4, fig. 4) used for scanning happens to clock or ad¬ 
vance on a low-to-high transition. With these two 
facts, I can cause some amusing things to happen! 
By making Rp and Cp provide a short pulse, like 10 
ms, and using the synthesizer board load line as the 
clock input to the scan counter set, scan action really 
moves along! It only stops for 10 ms on each active 
channel and then moves on. By moving so fast, I can 
get 10-ms bursts of audio from each active channel 
— for a multiplex action. You wind up listening to 
more than one conversation at once. Scan control 
and PTT/PTR remain unaffected, but it would be a 
miracle if you could blip fast enough to stop on the 
channel you really wanted. 

It's a novelty and demonstrates one of the upper 
limits of how fast is fast enough for scanning. All the 
commercial scanners are capable of scanning at 
many times the rates used, but you wouldn't be able 
to watch all the pretty LEDs go scanning along! The 
voices get pretty choppy in my speedy example 
above if you don't get the hang time just right. If 
several stations are on at once, it sounds like your 
local lodge meeting — everyone talking at once. It's 
just one of the cute things you can do with this 
miracle age of electronics. After all, now that you 
have a fully automatic station doing all the work, you 
must have something to do — it's called having fun! 

reference 
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antenna design: 


Vagi 

more data on the 
performance of 
multi-element 
simplistic beams 

Manipulating 
the boom length 
and element spacing 
of Yagi beams 
to maximize 
forward gain and 
front-to-back ratio 

This is a continuation of last month's discussion^ 
of simplistic Yagi antennas. To provide continuity to 
the complete subject I shall continue the sequential 
numbering of tables and illustrations. Last month I 
presented the performance characteristics of 2, 3, 
and 4-element simplistic Yagi antennas over a range 


of useful boom lengths. Systematic detailed compu¬ 
tations have also been made for simplistic Yagi an¬ 
tennas for 3, 6, and 7 elements. To illustrate the be¬ 
havior of these larger and more complex antennas 
the characteristics of 6-element Yagi simplistic 
beams are shown in fig. 13 where free-space an¬ 
tenna gain in dBi is plotted against frequency, F, for 
a range of boom lengths up to 1.5\ 0 . Numbered 
curves correspond to element lengths given in table 3 
of reference 5. 

The total range of results shows a number of char¬ 
acteristics of interest. First, the bandwidth over 
which gain is high is determined primarily by the fre¬ 
quency spread between the reflector and the direc- 
tor(s). Second, the shape of the gain curve is 
generally not flat in the region of interest; indeed it 
may be sloped and/or humped or dished. Usually the 
slope favors the higher frequencies. Third, the shape 
of the gain curve is more complex where the number 
of elements is large, and the shape of the F/B ratio 
varies enormously — much more than the shape of 
the associated gain curve. It may show more than 
one peak; moreover, the peak structure shifts very 
rapidly with boom length. The height of the peak 
does not necessarily seem to vary monotonically with 
the frequency separation of reflector and director(s). 
Very high F/B values (greater than 30 dB) are quite 
rare and when present are invariably very narrow 
banded. In addition, the frequency bandwidth of the 
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table 4. Band-centered gain, dBi, and front-to-back {F/B) ratio, dB, vs boom length for various multi-element Yagi beams. Data 
for 3,4 and 6 elements are plotted in figs. 11.12. and 13. 


length 3-elements 

(X) gain F/B 

0.10 6.980 12.21 

0.20 7.960 14.10 

0.25 8.233 19.88 

0.30 9.072 12.32 

0.35 9.254 11.37 

0.40 9.730 8.20 

0.50 9.421 5.56 

0.60 8.875 5.33 

0.70 7.924 2.27 

0.75 
0.80 
0.90 
1.00 
1.10 


4-elements 
gain F/B 

7.216 12.14 

7.901 5.49 

8.466 8.06 

8.797 7.66 

9.419 8.78 

9.668 8.89 

9.801 11.78 

10.076 15.48 

10.505 29.38 

10.363 22.31 

10.534 14.44 

10.333 8.43 

9.703 4.74 


1.30 

1.40 

1.50 


5-elements 
gain F/B 

7.481 8.36 

7.877 7.90 

8.262 10.06 

8.640 9.47 

9.368 10.813 

9.584 10.46 

9.810 15.44 

10.407 21.56 

10.690 16.68 

10.750 19.50 

10.946 14.98 

10.865 11.41 

10.306 11.65 

10.395 15.10 

10.743 24.02 

10.491 20.26 

10.510 18.94 

10.333 12.32 


6-elements 
gain F/B 

7.493 7.12 

7.759 5.56 

8.260 7.83 

8.600 8.00 

9.152 9.34 

9.635 10.97 

9.988 15.08 

10.549 21.16 

10.820 17.65 

11.022 14.15 

11.265 12.62 

11.159 10.39 

11.093 13.43 

11.514 24.89 

11.793 23.81 

11.672 31.48 

11.872 13.80 

11.608 11.14 


7-elements 
gain F/B 

7.486 6.65 

7.590 4.34 

7.923 5.12 

8.353 6.62 

9.286 9.56 

9.630 11.86 

9.957 13.50 

10.615 16.07 

10.822 13.47 

11.067 15.53 

11.278 11.03 

11.255 10.46 

11.403 13.08 

11.734 22.22 

11.973 32.50 

12.165 20.47 

12.221 15.56 

12.104 10.83 


F/B parameter is undefinable because of the extreme 
variation in shape! 

performance characteristics 

If we look carefully at one of these plots, e.g., fig. 
11 (ref. 5) 3 elements, boom = 0.2S\, it becomes 
dear that it is quite difficult to simply characterize 
"the" gain and "the" F/B ratio. The maximum calcu¬ 
lated gain at a single frequency is 8.9 dBi (curve 1) 
but a realistic gain at the center of a practical 4 per 
cent band (curve 3) is more like a 8.0 dBi! Even more 
difficult is the characterization of the F/B ratio. The 
maximum calculated F/B (curve 5} is a whopping 38 
dB, but this occurs only at a very specific frequency 
(F = 1.00) and for the situation where maximum gain 
is comprised (reduced to 7.3 dBi). How then can we 
characterize the results by a single gain figure and a 
meaningful F/B ratio? 

Since gain is perhaps the most important parame¬ 
ter of antenna performance, and since a practical 
antenna must work effectively over a reasonable 
band, I have elected to specify the gain at the center 
of a 4 per cent band. For each case, e.g., 3-elements, 
boom = 0.25\, the band center is adjusted for each 
curve to give maximum gain performance over the 
entire 4 per cent band, and, finally, the specific curve 
is selected which yields best overall gain perform¬ 
ance. I define "the" gain of this case as the gain at 
band center and "the" F/B ratio as the value at the 
same band center and the same selected curve! Note 
that the actual F/B may be significantly higher at 
some other frequency inside or outside the chosen 
band; we shall discuss this point shortly. 


With this definition of band-center gain and band- 
center F/B, table 4 has been constructed to show 
performance not only for 3-, 4-, and 6-element 
beams but also for 5- and 7-element beams; fig. 14 
shows a plot of the gain information; this graph is 
remarkable in four respects. First of all, it demon¬ 
strates a practical upper limit to the gain achievable 
from a given boom length! Second, it demonstrates 
that this gain is almost independent of the number of 
elements distributed along its length as long as there 
are enough! Third, the achievable practical gain 
shows a slight preference for more rather than less 
elements on a boom. Finally, the "boom gain" — 
achievable gain from a given boom length — is not 



fig. 14. Yagi beam gain in dBi for 3, 4. 5, 6, and 7-element 
beams as a function of boom length in 
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fig. 15. Theoretical Yagi beam gain envelope in dBi as a 
function of boom length in X 0 ; comparison with experimen¬ 
tal data of Lindsay (+) and Ehrenspeck-Poehler (o). 


really a smooth function of boom length. Instead, it 
appears to exhibit "bumps" or oscillations with a 
fraction of a decibel amplitude and spacing at about 
a half wavelength! 

This concept of boom gain, independent of the 
number of elements is not new; in fact, it was sug¬ 
gested by Ehrenspeck and Poehler® in a series of ex¬ 
periments using the automatic plotter built at the Air 
Force Cambridge Research Center. No claims by 
Ehrenspeck and Poehler were made as to the abso¬ 
lute accuracy of their results but they were able to 
demonstrate essential independence of gain on num¬ 
ber of elements over rather wide limits for two long 
Yagi models (1.2k and 6.0k). If one accepts the idea 
of universal boom gain, it is instructive to compare 
the (upper envelope) curve of fig. 14 with 
Ehrenspeck and Poehler's experimental points, as 
well as the experimental results of Lindsay. 7 Lindsay 
made a number of models of varying boom length 
(but unstated element dimension schedules) and 
measured directivity at a design frequency of 440 
MHz. All of these results are shown in fig. 15 where 
the solid curve is the theoretical maximum gain (from 
fig. 14) and the keyed points are from Ehrenspeck- 
Poehler and from Lindsay. The Lindsay experiments 
provide remarkable confirmation of the universal 
boom gain curvel The Ehrenspeck-Poehler points all 
appear to lie slightly below the theoretical curve (by a 
fraction of a decibel). It is not clear that the slight 
discrepancy in absolute value is a real disagreement; 
it may be within the expected accuracy of the gain 
calibration technique used on the automatic plotter. 
It may also be due to lack of optimization; Ehren¬ 
speck and Poehler used a fixed reflector reactance 
and it is hard to guess how much more gain they 
would have found with an optimized configuration. 


Fig. 16 taken from table 4 shows a plot of the 
center-band F/B ratio as a function of overall length. 
It is notable that there are three empirical values of 
overall length which seem to produce high values of 
F/B independent of the number of elements! These 
apparently favorable overall lengths are 0.25, 0.75, 
and 1.25kg — all odd multiple of a quarter wave. For 
the 0.25kg position only the 3-element beam shows a 
high value, but this is primarily caused by the defini¬ 
tion of center-band. F/B ratio. 

element illumination 

This remarkable phenomenon suggests that there 
might be a basic physical explanation covering all 
cases; indeed, such a physical basis is not hard to 
find! Analogous to the physical optical illumination of 
an aperture by light, one can think of the Yagi boom 
length as illuminated by (electrical) excitation. Unlike 
the case of uniform illumination of an optical aper¬ 
ture, the Yagi illumination is not uniform but can be 
viewed as a series of discrete excitation points (ele¬ 
ments) whose average envelope is quasi-uniform. 
Moreover, in the optical case the wave front is or¬ 
dinarily plane (phase shift across the aperture is 
zero), whereas in the Yagi case the phase shift is pur¬ 
posely designed to cause the main diffracted "beam" 
to lie along the boom rather than broadside to the 
aperture as in the optical case. 

The aperture produces a diffraction pattern (beam 
pattern) consisting of a "main beam" and several 
lobes; the number of lobes is determined basically by 
the size of the aperture in wavelengths; the ampli¬ 
tude of the lobes is determined by the way the aper¬ 
ture is illuminated (phase and amplitude). 

An informative treatment of an end-fire array (ap¬ 
erture illuminated by a series of radiators having 
equal amplitudes) is given in Kraus 4 on pages 76-89. 
There are two interesting cases: the ordinary end-fire 
array in which the angular phase change between ra¬ 
diators is just equal to their spatial separation angle, 
and the increased, directivity end-fire array first de¬ 



fig. 16. Band-centered front-to-back {F/B) ratio in dB for 3,4, 
5,6, and 7-element Yagi beams as a function of boom length 

in A 0 . 
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tables. Yagi null angles (fig. 17) as compared to ordinary end-fire arrays IOEF) and increased directivity end fire (IDEF). 


length freq 

0.25X 0.972 

0l75X 0.982 

0.25X 0.992 

0.75X 0.970 

0.75X 0.980 

0.75X 0.990 

1.25X 0.976 

1.25X 0.986 

1.25X 0.996 


K = 1 null 
(degrees) 

Yagi OEF IDEF 

159 

120 

69 98.4 64.7 

66 97.7 64.3 

63 97.0 64.0 

51 71.5 48.8 

51 71.1 48.6 

48 70.7 48.3 


K = 2 null 
(degrees) 

Yagi OEF IDEF 


135.9 

171 - 134.5 

147 - 133.1 

102 111.5 91.4 

99 110.6 90.8 

93 109.8 90.2 


K = 3 null 
(degrees) 

Yagi OEF IDEF 


135.0 

171 - 133.7 

150 - 132.3 


rived by Hansen and Woodyard 8 where the radiator 
phase delay is larger than spatial separation by an 
angle -n/n. The latter case is a good one with which 
to compare the Yagi antenna, because although the 
amplitude of the current(s) in the Yagi elements are 
not uniform, the phases are adjusted (by element 
reactance) to give highest directivity or gain. Kraus 
gives expected null angle directions for these two 
cases (null between lobes) as: 

Ordinary end fire: 

6 0 = 2 sin ~ 1 ± [Kk/(2nS)]Vi (1) 

Increased directivity end fire: 

9 0 = 2 sin~ 1 ± [(2K- l)\/(4nS)]‘A (2) 

In our model the boom length l B is (n-l)s so that 
we can rewrite these equations as: 

Ordinary end fire (OEF): 

6 0 = 2 sin ~ 1 ± [K(n - l)/(2 l B n)]V> (3) 

Increased-directivity (IDEF): 

6 0 = 2 sin-i ± [(2K- 1) (n - l)/(4 l B n)]H (4) 

Note that where the number of elements, n, is large 
one would expect a high F/B ratio (a null at 180°) at 
particular values of boom length, £ B , essentially in¬ 
dependent of the number of elementsl 

Let's now examine the patterns of the cases where 
F/B is relatively high; I shall do this for the 6-element 
beam at three boom lengths: 0.25, 0.75, and 1.25 
wavelengths long but will first find the precise fre¬ 
quency where the F/B ratio is maximum (presumably 
where the back radiation "null" occurs). It is instruc¬ 
tive to also plot the pattern not only at this "best" 
frequency but also at frequencies just below (say -1 
per cent and just above (say +1 per cent) of the best 
frequency. For all of these cases the reflector length 
was fixed at 0.50702\ o (FR = 0.95), and all direc¬ 
tors) length(s) were fixed at 0.45873\ o (FR = 1.05). 
Fig. 17 shows the //and E plane patterns of all of 


these cases. The H-plane pattern shown "nulls" be¬ 
tween lobes which can move with frequency (equiv¬ 
alent to boom length in actual wavelengths). We can 
compare the angle at which these nulls occur to 
those of the end-fire arrays (eqs. 3 and 4); table 5 
lists these comparisons. 

Note that these comparisons show qualitative 
agreement; also note that the computed Yagi results 
are in better agreement with the IDEF model (Hansen 
and Woodyard) than the OEF model. The more rapid 
shift of null angle(s) with frequency for the Yagi(s) 
compared to either end-fire model is not to be taken 
too seriously because, as we shift frequency, not 
only does the effective boom length in terms of 
actual wavelength change, but the element reac- 
tance(s) change significantly, i.e., the Yagi really 
becomes a different Yagil 

The details of the Yagi pattern depend on the par¬ 
ticular way in which the boom is illuminated, i.e., on 
the details of element positions(s), element current 
magnitude(s), and element phase(s). The depth of 
the nulls depends on the degree of vectorial cancella¬ 
tion of back radiation; since the vectors themselves 
vary significantly with all Yagi parameters it is no 
wonder that complete cancellation is accidental and 
ordinarily impossible. The size of the lobes is deter¬ 
mined primarily by the shape and phase delay of the 
Yagi illumination function. For the uniformly il¬ 
luminated case the reader is referred to the uniform 
end-fire arrays (see Kraus 4 , pages 79-88). 

It will be noted that for non-uniformly illuminated 


table 6. Element currents for a six-element Yagi beam with a 
boom length of 0.7SX; frequency F = 0.980 (assumes rf cur¬ 
rent of 1 ampere at0° in the driven element). 




element (amps) 

Reflector 0.476 

Driven element 1.000 

Director 1 0.379 

Director 2 0,467 

Director 3 0.258 

Director 4 0.458 


phase 

(degrees) 

154.5 


-121.3 

-169.7 

115.3 

32.6 
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broadside structures (Kraus pages 93-121) the side- 
lobe level is highest for "edge" illumination, next for 
uniform illumination, and zero for illumination based 
on element amplitudes following the coefficients of a 
binomial series. One can expect the same kind of 
result for an end-fire array where edge illumination 
(2-element beam) produces high sidelobes, uniform 
illumination smaller sidelobes, and an illumination 


function falling at the extreme edges (reflector and 
end director currents smaller than in central ele¬ 
ments) to produce still smaller sidelobes. 

Unfortunately, for a given overall boom length the 
directivity or gain suffers somewhat as illumination is 
adjusted for smaller sidelobes. Moreover, in the case 
of a simplistic Yagi the illumination function is hard 
to adjust; the current amplitudes and phases are all 
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table 7. Computed F/B ratios for six-element Yagis with 
various boom lengths (see fig. 17). 




F/B F/B minimum 
1180°) (90°-180°) 


0.25X 0.982 25.7 dB 

0.75X 0.980 32.5 dB 

1.25X 9.986 35.0 dB 


18.75 dB 
19.65 dB 
18.8 dB 


F/B minimum 
(90°-180°) 
7.5 dB 
12.6 dB 
14.9 dB 


determined by element reactance(s) and position(s) 
and it is necessary to simply accept the result! To get 
an idea of the current(s) and phase(s) to be expected 
table 6 shows the current(s) and phase(s) of the 
elements for the case of the 6-element beam, boom 
= 0.75\ o , where the driver current is set at 1.0 
ampere at 0° phase. Note that while the current 
amplitudes are not "uniform illumination," they 
seem to average out surprisingly alike! Incidentally, 
the current in the last director is always character¬ 
istically higher than that in the preceding director; 
this is due to the "end effect" (no mutual to an ele¬ 
ment ahead of it). 

Thus we now have a consistent picture of the high 
F/B ratio Yagi design; the essence of correct design 
is to place the null between lobes exactly in the back 
direction! This will occur for simplistic Yagi antennas 
when the overall length is approximately an odd mul¬ 
tiple of a quarter wavelength. The specific best 
design will involve optimizing the boom length and 
the boom illumination function (the particular ele¬ 
ment excitation currents and phases) to yield the 
best F/B ratio. Such optimization can be carried out 
around the best boom lengths; this will be the sub¬ 
ject of a future article. For the present it is sufficient 
to note that really excellent F/B ratios are possible 
with these simplistic designs as long as one is willing 
to accept boom length(s) which are approximately 
odd multiples of a quarter wavelength. 

As a final note on these simplistic best designs, not 
only is the back radiation low but the minimum 
(worst case) F/B ratio in the entire reverse direction 
(90° to 180°) is also surprisingly high! Table 7 shows 
the result. These Yagi designs seem to be generally 
excellent! 

With the exception of the 2-element beam case I 
have not yet commented on the driving point im¬ 
pedance of any of the Yagis shown. Remember that 
one can, by adjusting the length of the driver, always 
null out the driving point reactance at a designated 
frequency. The remaining resistance, however, just 
like that for the 2-element beam, varies enormously 
from case to case. It is very low for very short beams 
where there is very strong coupling between ele¬ 
ments; moreover, in such cases it varies wildly with 


frequency as does the change in reactance with fre¬ 
quency. Thus to insure a reasonably reliable electrical 
feed system it is wise to keep element separation well 
above 0.03\ o ; all such cases investigated have 
reasonably well behaved driving point impedances, 
summary 

Let me summarize the results for simplistic Yagi 
antennas: 

1. 2 to 7-element beams with boom lengths to 7.5\ 0 
have been systematically explored. 

2. Simplistic Yagis display a gain function where 
bandwidth is primarily a function of the resonant fre¬ 
quency separation between reflector and director(s). 
The bandwidth can easily be made several per cent 
of the central frequency. 

3. The shape of the gain function is generally not flat 
in the region of interest. It is also more complex for 
beams which use a large number of elements. 

4. Simplistic Yagis display a F/B ratio function with 
a shape that varies enormously from case to case. 
The shape may contain more than one peak and 
changes rapidly with boom length and/or frequency. 
It is so complicated that it is not possible to 
characterize its bandwidth. 

5. High values of the F/B ratio (more than 30 dB) are 
quite rare; when they occur F/B is high only over a 
very narrow band of frequencies. 

6. The spacing between elements should be general¬ 
ly greater than o. 05\ o to realize a well-behaved feed. 

7. The maximum practical gain of the simplistic Yagi 
is almost entirely determined by boom length. Max¬ 
imum gain increases, but not steadily with boom 
length. 

8. Best design for a high F/B ratio requires the ap¬ 
proximate boom length to be an odd multiple of a 
quarter wavelength at the design frequency. 
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I phased vertical antenna 

for 21 MHz 


An economical approach 
to beam antennas 
for the 
15 -meter band 

Most of the Amateur antenna handbooks don't 
describe the phased vertical beam. For economy and 
performance they should be used more! I built a 
phased vertical beam using the references indicat¬ 
ed. 1-4 | hope the explanation given here will 
motivate others to try this antenna. There's probably 
an easier way to construct the beam. W7EL de¬ 
scribes another method of matching in reference 4. 
However, I chose to use the more classical Wilken- 
son match. Perhaps there should be more experi¬ 
menting and discussion on feeding this beam. 
W7EL's method would do away with the problem of 
locating 100-ohm noninductive resistors for termina¬ 
tion and balance. 

phased vertical array 

The phased vertical beam has some good features. 
Fig. 1 shows horizontal radiation patterns for a two- 
element phased vertical array using three different 


phase angles for feeding the two elements. If both 
elements are fed in phase (zero-degree phase angle), 
the radiation pattern will be bidirectional at right 
angles to the plane of the two elements. This is 
known as broadside radiation. If the antenna ele¬ 
ments are fed 180 degrees out of phase, an end-fire 
pattern results, producing bidirectional coverage in 
the plane of the elements (end fire). If one element is 
fed 90 degrees out of phase with respect to the 
other, a unidirectional pattern is obtained. Thus, with 
two vertical elements, properly phased with relay 
switching, you can cover all four quadrants of the 
compass. 

I was interested in only one direction, and it just 
happened that my brick fence was in a line where I 
wanted the antenna pattern to go. The rest was 
easy, because only holes had to be drilled with a con¬ 
crete drill and lead slugs driven in place to mount the 
element insulators. 

construction 

Fig. 2 shows construction details for my two- 
element phased vertical beam. I obtained two pieces 
of 1/2-inch (12.5-mm) diameter aluminum tubing 12 
feet (3.7 meters) long. I cut each tube at 11 feet (3.4 
meters) for the 1/4-wavelength antenna elements. 
The formula is: 



By Ed Marriner, W6XM, 528 Colima Street, La 
Jolla, California 92037 
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fig. 1. Radiation patterns for a two-element phased vertical 
array using three different phase angles for feeding the sys¬ 
tem. A shows the pattern when the elements are fed in 
phase. If the elements are fed 180 degrees out of phase, pat¬ 
tern B results. C shows the pattern when the elements are 
fed 90 degrees out of phase. 


where L = length, feet 

/ = frequency, MHz 
In metric terms eq. 1 is: 



Thus for my operating frequency (21.27 MHz) the 
element lengths were 11 feet or 3.4 meters. I 
mounted the two 1/4-wavelength elements on the 
fence, spaced 11 feet (3.4 meters) apart. 

feed system 

Any length of 52-ohm coax cable can be run to the 
antenna from the transmitter. The transmission line 
is connected to a coax T connector, as shown in fig. 
2. I made two 1/4-wavelength sections of 72-ohm 
line (RG-11 /U) and connected each line to the T con¬ 
nector. The other ends of the 1/4-wavelength lines 
were terminated with a 100-ohm noninductive resis¬ 
tor as shown. 

The 1/4-wavelength coax line lengths are some¬ 
what critical, as the slightest amount of variation at 
21 MHz changed the frequency a great amount. 
These lengths were determined from: 



where V = cable velocity factor 
/ = frequency, MHz 

Thus: 

L . 2_46j0g) = 76feet 

L = imgL = 


I checked the coax length with a grid-dip oscillator. 
Any loop in the cable will give a false reading of the 
length. K6DS came up with the idea of using an inch¬ 
wide (25.5 mm) piece of PC board with two holes 
and soldered up short. The wide surface provided 
enough pickup for the grid dipper. Putting the plugs 
on the ends lowered the frequency. 

Each piece of coax I checked had a different vel- 
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ocity factor, V, varying from 0.6 to 0.68. You can 
check your coax by 



where V = velocity factor 
L = length, feet 

In metric terms eq. 3 is 

y -fr 

where length, L, is in meters. 

final assembly 

Fig. 2 shows the details of my array. The junction 
box, containing the 100-ohm noninductive resistor 
and the SO-239 coax chassis receptacles, was 
mounted on the brick wall. I coiled the phasing lines 
and attached them to the wall. The radial wires are 11 
feet (3.4 meters) long. Fig. 2 shows the method of 
attachment. For best results run as many radials as 
possible.* 

A quarter-wavelength of RG-8/U cable, 7-1/2 feet 
(2.3 meters) long was connected between the junc¬ 
tion box and reflector element. Another coax line 
(RG-8/U) 7-1/2 feet (2.3 meters) plus 120 degrees 
was connected to the director. (See fig. 3). This 
length was 17 feet (5 meters). This line isn't too 
critical because it mostly affects the antenna back 
lobe, 
results 

When the antenna was finished I walked around it 
with a field-strength meter. The readings concurred 
with the pattern in reference 3. It was surprising to 
see the signal fall off at 90 degrees to nothing on the 
back. I made the first on-the-air checks locally using 
four stations about 10 miles (16 km) away. Two of 
the stations were in front of the antenna and two 
were off about 45 degrees to the side. Stations off to 
the side noticed the same signal strength as my two- 
element Yagi. However, those in front couldn't hear 
the signal from my Yagi but reported S9 signals from 
the phased vertical. This would indicate that the 
phased vertical antenna has a lower radiation angle 
than that of the two-element Yagi mounted at 20 feet 
(6 meters) above ground. 

Reports from stations in South America were 
varied. With some there was a noticeable difference 
between antennas; with most I received the same 
signal report. (One fellow said the phased array was 
louder than horseradish, a scale I'm not familiar 
with.) When signals from one antenna fade out, sig¬ 
nals from the other will be maximum. It's interesting 
to switch between antennas. 

*ln a similar design for twenty meters 5 the author used ground rods for 
each element as well as radial wires. As with any vertical antenna, the idea 
is to reduce ohmic losses in the system. Editor. 



fig. 3. This curve may be used to determine the length of the 
120-degree phasing line for the director element in fig. 2. A 
is the curve without velocity factor. B the length with veloc¬ 
ity factor. 

summary 

To summarize my findings. I'd say that if I didn't 
have a two element Yagi beam, rotor and tower I 
wouldn't hesitate to use two of these phased vertical 
beams in place of it! The construction is far cheaper 
and I can find very little difference between the two. 
There's more of a null on the phased array off the 
back and sides, and the beam appears to be narrower 
than that of the two-element Yagi. The vertical an¬ 
tenna did not do what I had hoped: to get through a 
maze of power lines 100 feet (30 meters) away. 

The most difficult part of the construction is 
locating 100 ohm noninductive resistors of 40-50 
watts. The transmitter looks at low SWR and loads 
up very nicely. 

The ideal of W7EL might be a solution to feeding 
the antenna without a termination resistor and just 
using RG-8/U coax from the T connection. It will be 
interesting to hear the experiences of others and get 
this simple beam into more use. It is strange that it 
hasn't found much use before, because the Wilken- 
son match is well known in uhf work. Many of the 
160-meter stations have been using it for a long time, 
anyone who has heard them will realize the advan¬ 
tage for low-frequency work where a beam other 
than vertical is almost impossible to erect. 
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antenna restrictions — 

another solution 


How to install 
a full-size 
40-meter dipole 
inside a mobile home 


Antenna restrictions often make life difficult for 
hams who live in one of the new mobile-home parks. 
In fact, restrictions can make it almost impossible to 
get on the air without using a high degree of ingenu¬ 
ity. Articles have been written describing the use of 
fake (and not so fake) flagpoles as vertical antennas, 


but the problems of ground radials and low radiation 
angles limit the effectiveness of this kind of solution. 

Lately many of the new double-wide modular 
homes are being built using conventional framing 
and roof construction with wood joists and rafters, 
wood sheathing and composition shingles. This 
leaves only the matter of space in the attic — how do 
you hide an 80-meter or even a 40-meter antenna in¬ 
side if the long dimension is only 12-15 meters (40- 
50 feet)? 

15-meter antenna 

In my situation, our home is a 7.3-meter (24-foot) 
wide double unit in a park where restrictions prohibit 
outside antennas. As a retiree ham, off the air for 
about 40 years until 1978,1 was able to solve my own 
antenna problem this way: For 15 meters I made up a 
simple dipole using four pieces of 1.8-meter (6-foot) 
long telescoping aluminum tubing, fed directly with 
50-ohm coax and secured inside the attic close to the 
apex of the roof rafters. It works quite well, with low 
SWR and easy loading to one of the new "touchy" 


By J. W. Bryant, N4AQD, 4736 Dauphine 
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transceivers. As an afterthought, because I wanted 
to work primarily in one direction, I added a passive 
reflector mounted outside on the roof, down the 
slope far enough to provide the proper spacing. The 
reflector tubing was fastened to four small L brackets 
slipped under the shingle edges. 

40-meter antenna 

The 40-meter solution was a little more trouble. My 
mobile home is about 12 meters (40 feet) long, inside 
measure, so there was no way to insert a horizontal 
full-length halfwave dipole. I stretched the wire in¬ 
side the limited attic space, then shoved the remain¬ 
ing lengths at each end (to make a total of 19.5 


series reactances. Then I inserted an SWR meter at 
the antenna end of the coax and adjusted each side 
of the tuner for lowest SWR, which came out to be 
very near unity at the phone end of the band. I've not 
tried to tune the antenna to 75 meters, but I'm sure it 
can be done with added inductance in each tuner leg. 

Contacts on both 15 and 40 meters have given 
good reports, even before I told them of the indoor 
nature of the antenna arrangement. 

further reading 

The bibliography provides other interesting 
approaches to the problem of erecting Amateur an¬ 
tennas in locations that restrict outside structures. 



fig. 1. Author's inside 40-meter dipole. Horizontel sections occupy the length of the • 
mobile-home sttic. The end sections follow the corners of the ettic to meke a total 
radiator length of 19.5 meters (64 feet). The tuner provides near unity SWR in the phone 
portion of the band. 


meters, or 64 feet) at 90 degree angles to the attic 
corners. This was done with 3.7-meter (12-foot) cane 
fishing poles, which I left in place to keep the wire 
extended. 

To have some leeway to tune out any reactance, I 
improvised a tuner using series inductance and ca¬ 
pacitance in each leg of the antenna at the feed 
point. I ended up with the arrangement shown in fig. 
1. The center of the antenna and tuner were accessi¬ 
ble through a hatch cut into the ceiling of the mobile 
home. Fortunately the location was right over the 
laundry alcove. 

tune up 

For final tuning I used a dip meter coupled to a 
one-turn loop at the line-to-tuner feed point to deter¬ 
mine the approximate resonance adjustment of the 


Allen Ward, KA5N, describes a modified ZL Special 
that can be mounted in an apartment room. Spence 
Collins, N6SC, installed a 7-MHz Hertz antenna in his 
first-floor apartment — stretched approximately 8 
meters (26 feet), with the highest point 2 meters (7 
feet) from the floor. And for vhf buffs, Warren 
Hodges, W6DHX, and Bill Wise, WB6QEZ, tell how 
to camouflage a 2-meter antenna using a weather- 
vane atop the house, which is in a restricted area. 
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tone-encoder 

for 2-meter 
autopatches 


A design that produces 
clean sine waves 
tamed by AGC amplifiers 
for constant level — 
also featured 
is automatic PTT 
with delayed release 

As the use of the Touch-Tone* system — both in 
telephones and in Amateur Radio — became wide¬ 
spread, a number of ICs were developed to generate 
the tones. Among the most popular are the Motorola 
MC14410 and the Mostek MK5087; there are several 
others on the market. These chips are generally 

*Touch Tone is the registered trademark of the American Telephone and 
Telegraph Company. 


superior to those in the original Western Electric 
Touch Tone (or DTMF) encoder, with its cup-core in¬ 
ductors. But they do have one disadvantage in com¬ 
mon: they produce the tones by digital methods, so 
the outputs are not pure sine waves but are similar to 
the waveform shown in fig. 1. In telephone applica¬ 
tions this doesn't matter, since the line itself acts as a 
lowpass filter, effectively restoring sine-wave purity. 
Also, being designed to work into such lines, the 
chips have greater output at higher frequencies to 
counteract the natural attenuation of the line. 

When such a Touch Tone chip is used to activate a 
repeater autopatch through a 2-meter fm transmitter, 
these natural filter effects don't exist. Thus, in addi¬ 
tion to harmonic distortion, the repeater autopatch 
must cope with deviation levels that vary according 
to the tones selected. This can cause problems in 
completing a call. 

I designed a DTMF board that produces good, 
clean sine waves. In addition, it has age amplifiers to 
keep the tones at constant levels. There's also provi¬ 
sion for keying the transmitter automatically when¬ 
ever any button of the Touch Tone pad is pressed 
and keeping it keyed until the dialing of the number is 
complete. The circuit will fit on a 3 x 5 inch (7.6 x 
12.8 cm) board. After describing the circuit, I'll go in- 


By Chris Winter, WB0VSZ, 610 South Clinton, 
Iowa City, Iowa 52240 


june 1980 QB 51 




that it is not a true sine wave. This output is produced by a 
16-stage walking-ring counter. 

to the fine points of assembling and using the board 
— or of rolling your own, if that's your style. 

circuit description 

The tones are generated by a Motorola 
MC1441 OP. The advantage of this chip is that it has 
separate outputs for the low and high tone groups; 
this makes it easier to filter the tones. Since the 
MC14410 is widely used, there's no need to go too 
deeply into the circuit. The tone outputs are pro¬ 
duced by walking-ring counters driving weighted-re¬ 
sistor networks. In addition to a dc level, each output 
waveform contains harmonics whose order is deter¬ 


mined by the number of stages in the counter. A 
good source on this subject is reference 1. 

The main schematic of the DTMF board is shown in 
fig. 2. The wiring of U1 is standard except for two 
things: capacitors C1-C8 are for RFI protection, and 
the output of pin 7 — a square-wave test signal, not 
normally used — drives the automatic keyer circuit. 

filter considerations 

The filters don't have to be extremely sharp or 
well-centered on the nominal center frequency, since 
they don't have to separate the tones. Bandpass fil¬ 
ters are required to block both the dc levels and the 
high-order harmonics in the outputs from U1. I used 
a multiple-feedback configuration because it permits 
a bandpass filter with a single op amp. One stage per 
filter gives sufficient selectivity; this allows both 
filters and the two age amplifiers to be built using a 
single quad op amp 1C. 

I n reference 2, Moberg described design equations 
for the multiple-feedback filter where the two capac¬ 
itors are of unequal values (see appendix). These 
equations give great flexibility in choosing the filter 
parameters and are easily turned into a program for a 
handheld calculator. 

The design procedure starts with the values of the 
two capacitors and the three filter parameters: Q, 
gain A 0 , and center frequency, f 0 . The values of the 
three resistors are calculated (for filter-component 
designations see fig. 3). U1 will produce roughly 2 or 
3 volts p-p. To avoid overdriving the age amplifiers, a 



fig. 2. The main schematic of the DTMF board. Note the liberal use of bypassing and decoupling networks. To avoid duplica¬ 
tion, filters and amplifiers are not shown in this illustration. 
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filter gain of unity or less should be used. Table 1 
summarizes the results for the parameters I used in 
my design. 

The components used for the filters are standard 
non-precision types. The response curve of fig. 4 
shows that the results with such components are 
quite close to the ideal. There are two reasons that I 
"broke up" R1; it made the layout come out better 
and allowed easy matching of the calculated value of 
R1. The 100-pF capacitor is another rf bypass. 

keeping the 
outputs constant 

The age amplifier I use is based on one published 
In reference 3. It calls for a high-quality fet to give 
wide dynamic range and excellent linearity; here, 
there's no need for those characteristics, and substi¬ 
tutions can be made. My version of the circuit is 
identical to that of reference 3 except for the substi¬ 
tutions; it's shown in fig. 5. When the input level is 


table 1. Summary of the design parameters used for the fil¬ 
ters and the calculated resistor values. 


Ao 

f„ 

Q 

CII^F) 

C2(/tF) 

Rl(ohms) 

R2(ohms) 

R3(ohms) 


low group 

0.5 

819.0 

3.357 

0.022 

0.068 

19,195.0 

665.6 

39.241.0 


high group 

0.5 

1,421.0 

3.351 

0.022 

0.068 

11,040.0 

384.2 

22,582.0 


below the threshold of compression (about 50 mV) 
Q1 gate is unbiased, and the full op amp gain of 70 is 
in effect. Larger amplitudes are rectified by Q2 and 
bias Q1 gate upward from its normal voltage of - 5V. 
Ql's channel resistance drops, effectively pulling sig¬ 
nal away from the op amp until equilibrium is reached. 
The attack time is a few milliseconds. R4 and Cl pro¬ 
vide about one second of decay time. The compressed 
output is 1 volt p-p. 

The age outputs amplifier go to a pair of pots so 
that the tone levels can be individually adjusted. Fi¬ 
nally, U6, a voltage follower, combines the tones and 
provides a low-impedance output suitable for con¬ 
nection to the high-level audio input of any trans¬ 
mitter. 

the split-supply problem 

It would have been possible to power all the op 
amps from +12V and ground. Instead, to eliminate 
the need for coupling capacitors, I decided to run U4 
and U6 from a split supply of ±5 volts. Then of 



Those in parentheses are for the high-group filter. 


course I was faced with the familiar problem of how 
to get a negative supply voltage in a vehicle. 

I could have used a transistor radio battery, but it 
probably would have gone dead at a crucial moment. 
Luckily, I found an inverter circuit which suited my 
needs perfectly.4 it consists of a high-frequency 
pulse source, a bootstrap inverter, and a shunt regu¬ 
lator. I changed the oscillator to a 555 timer 1C, U3, 
running in astable mode at about 100 kHz. U3 drives 
Q3, which supplies solid 12-volt pulses to R24 and 
C17. As the voltage at the junction of R24 and C17 
falls from 12 volts to zero, the other side of C17 is 
forced to go negative; this series of spikes is then 
smoothed by C18. With a 12-volt input, you can get 
up to -7 volts out. The shunt regulator (Q4, CR5, 
and CR6) holds the output constant within half a volt 
as the load varies from zero to 20 mA. In normal op¬ 
eration, the current drawn will be no more than 2 or 3 
mA. With the zener rating shown, the inverter output 
should be close to - 5 volts. More about this later. 

automatic PTT 

One drawback of the MC14410 is that, unlike many 
DTMF chips, it lacks an output that can serve as an 
"any-key-pressed" indicator. But, as I mentioned, it 



fig. 4. Filter response curves come close to the ideal; preci¬ 
sion components are not required. 
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tues of the amplifiers. 

does produce a square wave on pin 7 when any key is 
pressed. This can be rectified and filtered, then used 
to key a transmitter. 

In my circuit, U2 is wired as a comparator and 
drives Q1 and Q2. When any tone is activated, Cl 1 
will quickly charge to 8 volts. R13 and R14 set the 
threshold at 3.8 volts so that U2 output goes high 
(about 11 volts), and the full 12 volts appears on the 
keying line. This line can supply 300 mA with negligi¬ 
ble drop in voltage. Because of the RC time constant 
at U2 noninverting input, the keying line will remain 
high for three seconds after the key is released; thus, 
keys can be pressed at a reasonably slow pace with¬ 
out losing the carrier. 

assembly and use 
of the module 

For those who desire to build this DTMF module, I 
have a PC board available for $8.50 postpaid. The 
board is double sided, with plate-through holes, and 
plugs into a 15-pin edge connector (pin spacing 0.156 
inch, or 0.4 cm). Including the connector pattern, the 
board dimensions are 3 x 5 inches (7.6 x 12.7 cm). 
Even if you don't go this route, I recommend using a 
PC board of some kind. It's important to minimize 
the switching noise radiated by the inverter, and a PC 
board does this better than point-to-point wiring. 
Conducted noise can also cause trouble; note the ex¬ 
tensive use of decoupling networks and bypassing in 
my circuit. The bypassing helps with RFI but is not a 
cure. For that you need a tight metal enclosure. 

component tolerances 

While we're on the subject of the inverter, be 
warned that it's very finicky. That is, it's easily ren¬ 
dered inoperative by component tolerances. R24 is 


the key to the puzzle; if its value is too high, the in¬ 
verter will not supply any current. The first unit I built 
worked well with 390 ohms; the second required less 
than 100 ohms. The zener can be another source of 
trouble. You may have to try several before you find 
the rating that gives you the output voltage you 
want. This, too, depends on R24. 

The following procedure works well: load the in¬ 
verter output with a Ik resistor and select R24 by 
working down from 470 ohms. Go two steps lower 
still to give yourself a safety margin. Then make sure 
you have the right zener rating. Note, too, that for 
values between 50 and 100 ohms, R24 can get rather 
warm. You could probably get by with a quarter-watt 
resistor, but use a half-watt type and avoid the 
worry. It's a real hassle to test-select these compo¬ 
nents, but once it's done, the inverter will work 
reliably. 

The components will tolerate normal supply volt¬ 
age variations present in most vehicles, but it 
wouldn't hurt to limit the voltage to the 12-15 volt 
range. With a 12 volt supply and no external load on 
the keying line, the board will draw 25 mA in stand¬ 
by. When in use, the current will jump to 80 mA; the 
difference is due to the fact that only U1 and U2 are 
always powered up. The rest of the circuit is ener¬ 
gized from the keying line. 

interfacing 

The DTMF module requires the following connec¬ 
tions to the outside world: eight tone-select lines, the 
keying line, the tone output, and power and ground. 
All you should need in the way of off-board parts is a 
12- or 16-button keyboard and something to inter¬ 
face the keying line to your rig's PTT line. This could 
be a relay or a power transistor. 

If you want to modulate the rig through the mike in¬ 
put, you may need a fairly large series resistor to get 



The completed prototype. The ICs, clockwise from the up¬ 
per left ere U1. 14410, end U4. LM324, both 14-pin DIP; US. 
741 op smp in sn 8-pin DIP; U5, LM309H in s TO-5 package; 
end U3,565 timer, end U2,741 op smp, both in 8-pin DIPs. 
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the right signal and impedance levels. In other words, 
this board hooks up to the transceiver just like most 
Touch Tone pads. I intended it to be usable with a 
minimum of external parts but also to be part of a so¬ 
phisticated access system. The system I have in mind 
includes an automatic dialer board and a third board 
that can automatically access one or several closed 
autopatches. These other two boards are currently 
under development and should soon be ready. 


appendix 

1. Filter design equations. Eqs. 1 through 3 are Moberg's (from 
reference 2). Eqs. 4 through 6 show how to design filter parame¬ 
ters A 0 . Q, and f 0 from component values. 


n i 


(II 


R ‘ R) [weft C2;] 

=«, r_.l 

[Q2 (Cl + C2) - A„C2j 


do 


R,C! 

R,(C1 + C2) 


«■/ 


UC2JR, 
Ri (Cl + 


+ fh> 

C2) 


fo = 


Q_(C1 + C2) 
2i Rf Cl C2 


12) 

(3) 

(4) 

(5) 
(5) 


2. Calculator programs. The two programs following may be 
used with the HP-25C to calculate resistor values and the three 
filter parameters, A 0 , Q, and fo for the multiple-feedback filter. 


Program uses equations derived by Moberg. 2 To calculate resistor 
values for multiple-feedback filter: 


Input values required are Cl. C2, A 0 ,J 0 , Q 



Program calculates the three filter paramaters Ao, fo. and Q from 
resistor and capacitor values. Equations involved are: 


LQ 2 (Cl + C2) - A 0 C2j 


(1) 

(2| 

(3) 


A = R* Cl 

" R1(C! + C2) 

= J A 0 C2 (R1 t R2) 
^ V R1 (Cl + C2) 


(II 

(2) 


No warning needed. Simply store desired values in R1-R4, run pro¬ 
gram, and recall answers from R5-R7. 


fo - 


Q (Cl + C2) 
2v R1 Cl C2 


(3) 
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by 

K.V.G. 


Introducing the new 2-pole 9 MHz Crystal Filter. 

The XF-910 crystal filter has been designed for use In modern re¬ 
ceiver IF systems using I.C. amplifiers. It Is used between the IF 
amplifier and detector stages to suppress wideband I.C. noise 
and prevent noise overload of the detector. 


1 XF9B I.C. IF XF910 DET. 

A ampl. 

The XF910 can also be used In place of ceramic filters and tuned 
circuits In simple receivers when superior selectivity of the 
XF9-B Is not required. Price *15.95 plus shipping. 

SPECIFICATION XF910: 


TRANSVERTERS FOR ATV 
OSCARS 7,8 & PHASE 3 

Transverters by Microwave Modules and other manufacturers can convert 
exisling Low Band rig to operate on Ihe VHF & UHF bands. Models 
available lor 2M lo 70cm and lor ATV operalors Irom Ch2/Ch3 to 70i 
Each iransverler contains both a Tx up-converter and a Rx down-conve 
Wrile for details ol ihe largest selection available. 

Prices start at *199.95 plus *3.50 s hipping. _ 


Output Power tOW 

Receiver N.F. 3dBtyp. 

Receiver Gain 30d8typ. 


lo operate OSCAB 8 & PHASE 3 by adding the 431 to 436 MHz range. Moi 
including lull instructions $26.50 plus $f .50 shipping, elc. 
ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 M Hz J-SLOTS 

8 OVER 8 HORIZONTAL POL. +12.3dBd D8/2M *55.95 

8 BY 8 VERTICAL POL. D8/2M-VERT. *65.60 

8 + 8TWIST „ \ V 8XY/2M *57.75 




UHF LOOP YAGIS 

28 LOOPS GAIN 4- 20dBi 50-ohm, Type N Connector 

1250-1340 MHz 1298-LY 8 ft. boom *59.70 

1650-1750 MHz 1691-LY _ 6 ft. boom *64.70 

Send 30c (2 stamps! lot lull details ol KVG crystal products and all your VHF & UHF equip 


i Spectrum 

International, Inc. 
»OSt Office Box 1084 
4, Mass. 01742, USA 


1. Oon Lancaster, CMOS Cookbook, Howard W. Sams & Co., Inc., In¬ 
dianapolis, Indiana, 1977, pages 325-330. 

Gain," Electronics, December 9,1976, page 97. 
ics, March 31,1977. page 107. 

4. Craig Scott and R.M. Stitt. "Inverting DC-to-DC Converters Require No 
Inductors." Electronics, January 22,1976, pages96-97. 
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solid-state T-R switch 

for tube transmitters 


Combine the advantages 
of full break-in 
CW operation 
with the cost savings 
of older equipment 

A recent article in QSTby Dave Shafer, W4AX, ex¬ 
plained the advantages of full break-in QSK CW op¬ 
eration, 1 advantages that can't be provided in to¬ 
day's high-priced transceivers. The article brought to 
mind another by Stu Goodman, K2RPZ, which ap¬ 
peared a year earlier. 2 He was concerned with the 
economics of getting on the air and pointed out the 


possibilities of using older equipment. To quote Stu, 
"All that is needed is a T-R switch and an antenna 
. . The T-R switch described here uses solid-state 
components and provides the capability of full break- 
in operation with low-cost used transmitters with 
vacuum tubes. 

T-R switches 

The origin of the T-R switch stems from early radar 
days. An automatic device was required in the radar 
to prevent transmitted energy from reaching the re¬ 
ceiver, but allowing the received energy to do so 
without appreciable loss. For fast, reliable break-in 
CW operation, using a single antenna for transmit¬ 
ting and receiving, the T-R switch is used today. 
However, with transceivers now dominating the 
Amateur-equipment market, T-R switches have all 
but faded from sight. 

I checked several references in this regard with no 
results. Either they were too new and didn't mention 
T-R switches, or were so old that only vacuum-tube 
circuits were shown. 


By Malcolm Crawford, K1MC, 19 Ellison 
Road, Lexington, Massachusetts 02173 
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Reference 3 provided some good design concepts. 
However, these designs were more applicable to 
solid-state transmitters. Between the extremes of too 
old and too new, I found a design by W4ETO that 
was described by W1ICP in the April, 1971, edition of 
QST (it later appeared in several editions of The 
Radio Amateurs Handbook.*) I modified the design 
slightly to improve some operating parameters. It 
should work well with any moderate-power, class-C 
vacuum-tube amplifier (such as a pair of 6146s with a 
plate supply of 750 Vdc). 

theory of operation 

A short explanation of how the T-R switch oper¬ 
ates should be helpful. The principal purpose of the 
T-R switch is to allow both the receiver and transmit¬ 
ter to be directly connected to the antenna. When 
the transmitter is keyed, the switch should reduce 
the amount of signal reaching the receiver to a safe 
level, but otherwise provide a near unity gain path 
between antenna and receiver. The noise figure of 
the device should also be low enough to prevent loss 
of receiver sensitivity on the upper high-frequency 
Amateur bands. Some of the older T-R switches 
were designed to be placed at the transmitter output, 
but in some cases they caused RFI problems. While 
these circuits did protect the receiver, harmonics 
were generated in the T-R switch when the transmit¬ 
ter was keyed. To eliminate the harmonics associ¬ 
ated with the circuit, the T-R switch is connected to 



fig. 1. Typical Vacuum-tuba transmitter output circuit show¬ 
ing the pi network and connection point for the T-R switch. 


the tube side of the transmitter pi-network; not to the 
antenna side. Any harmonics generated in the switch 
will be attenuated by the lowpass characteristic of 
the pi-network. The pi-network will also act as a pre¬ 
selector, attenuating out-of-band signals. 

Most transmitters use shunt-fed, class-C, final am¬ 
plifier stages and pi-network impedance-matching 
networks, as shown in fig. 1. The input to the T-R 
switch is taken from the TUNE capacitor in the pi- 
network, rather than from the plate rf choke, so that 
high plate voltage (B +) won't have to be blocked in 
the switch. When the transmitter is keyed, the vacu¬ 
um tube sends current pulses into the pi-network 
that are filtered before reaching the antenna. When 
the key is up, the final amplifier tube is cut off and 
has no effect on the received signal. Note that a T-R 
switch can be used only with class-C final amplifier 
stages. With linear class A or AB amplifiers, current 
flows in the final device even when no signal is being 
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amplified. This action allows amplifier noise to pass 
directly into the receiver. 

circuit details 

The T-R switch circuit is shown in fig. 2 and differs 
from W4ETO's original design in several ways. One is 
that a common-drain amplifier is used so that the 
overall gain can be set at unity. The pi-network trans¬ 
formation steps up the input voltage by the square 
root of the transformation ratio. 

The switch input capacitor Cl, and the parasitic 
capacitances of the two dioides and the mosfet form 
a voltage divider that reduces the signal level very 
close to the value it originally had at the antenna in¬ 
put to the pi-network. From the mosfet input at gate 
1 "to the output, the amplifier is designed for a nomi¬ 
nal gain of unity. The mosfet g m is typically 10 milli- 
siemens, so that the 800-ohm load resistor sets the 
no-load gain at eight. The voltage stepdown in trans¬ 
former T1 reduces the gain by a factor of four; add¬ 
ing a 50-ohm load reduces it by another factor of 
two. If the receiver input impedance is substantially 
higher than 50 ohms, the overall gain will be closer to 
two. A second set of limiting diodes, CR3 and CR4, 
is placed at the output to protect the receiver in the 
event of a T-R switch failure. 



lig. 3. Construction details of the coaxial cable input capaci¬ 
tor (Cl in fig. 2). 


Mosfet biasing. The mosfet is biased to operate 
with a drain current of 5 mA with a gate 1-to-source 
quiescent voltage of - 0.7 Vdc. This allows the input 
signal voltage to switch to 1.4 volt p-p without appre¬ 
ciable gain compression. The diodes at the amplifier 
input will limit the signal to this same range so that 
they won't reduce the T-R switch dynamic range. 

The voltage on gate 2 is set by a resistor divider at 
approximately 4 Vdc, setting the gate 2-to-source 
voltage to at least 3 volts. With these quiescent volt¬ 
ages and currents, the mosfet will have a transcon¬ 
ductance of 10 millisiemens and a drain current 
swing of at least 10 mA p-p. 

Bypass considerations. The mosfet is shunt fed to 
allow the drain-to-source voltage to remain above 
the minimum recommended by the manufacturer 
with the gate-2 voltage used. The value of the rf 
choke isn't critical. Values between 150 pH - 360 pH 
could be substituted. The decoupling of the mosfet 
drain supply is very conservative, using two capaci- 



fig. 4. Printed-circuit board layout for the T-R switch. Com¬ 
ponent layout is shown in fig. S. 


tors in parallel (C7 and C8) to obtain several decades 
of effective bypassing. Gate 2 of the device is also 
decoupled with two capacitors and a ferrite bead to 
ensure the mosfet will remain stable through the uhf 
range. Again, the values of the decoupling capaci¬ 
tors aren't critical. 

Supply voltage. The supply voltage, V cc +, for the 
T-R switch can range from +12 Vdc to +18 Vdc 
without much effect on performance. Additional de¬ 
coupling of the input supply voltage is obtained with 
RFC1 and C9. 

Input coupling. The only unusual component is Cl, 
the input-coupling capacitor. Because the rf voltage 
levels are quite high and the required capacitance so 
low, a suitable commercial component would be dif¬ 
ficult to find. An inexpensive substitute is a piece of 
coaxial cable. A typical piece of 50-ohm coax will 
have a capacitance of 1 pF/cm 130 pF/ft), so that a 
6.3-cm (2.5-inch) center conductor-shield overlap 
will provide 6 picofarads of capacitance. A sketch of 
the coaxial capacitor is shown in fig. 3. The length of 



fig. 5. Component layout for the T-R (witch. 
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fig. 6. Two power supply options for the solid-state T-R 
switch. Supply voltage is not critical and may Vary from 
+ 12 to +18Vdc. 


the un-overlapped portion can be as long as necesary 
to go from the pi-network to the T-R switch input. A 
piece of bare wire can be wrapped around the shield 
and soldered to complete the capacitor. For plate 
voltages less than +500 Vdc, RG-58/U can be used, 
with RG-59/U suitable for voltages up to +900 Vdc. 
With 70-ohm coaxial cable, the capacitance will be 
approximately 0.7 pF/cm (21 pF/ft}, so an overlap 
length of 8.7 cm (3.4 inches) should be used. 

construction 

Circuit layout is shown in fig. 4. A 5.7 x 5 cm 
(214 x 3% inch) single-sided copper-clad printed 
wiring board was used, and mounted in a 10 x 7.6 
x 5 cm (4 x 3 x 2 inch) aluminum minibox. The 
board is mounted to the minibox using 2-cm (94- 
inch) aluminum angle stock. The whole assembly 
was mounted on the rear of the transmitter shielded 
pi-network cage. The only critical aspects of the 
mechanical assembly are to provide good rf returns 
between the pi-network ground and the T-R switch 
board ground, and between the output connector re¬ 
turn and the board ground. 

Only one board was constructed, so photo etching 
wasn't used to make the board. Copper tape was 
used on the back of the board to provide the compo¬ 
nent interconnections. For those who wish to use an 
etched board, a suggested layout is shown in fig. 4;* 
the component placement is shown in fig. 5. 

If the transmitter doesn't have the necessary sup¬ 
ply voltage available, fig. 6 shows two possible solu¬ 
tions. Both use the power-transformer filament wind¬ 
ings in the transmitter. If the 5-volt rms winding is 
used, be sure it isn't connected to the high-voltage 
supply through the rectifier tube. This winding also 
must be properly phased with the other filament 
winding to prevent the two voltages from bucking. 
The power supply can be mounted in any convenient 

*A printed-circuit board and parts kit is available from Radiokit, Box 429, 
Hollis, New Hampshire 03049. 


location in the transmitter and connected to the T-R 
switch with a shielded wire. At the switch end, the 
shield should be connected to the minibox, with C9 
between the supply voltage and the shield-box con¬ 
nection. 

conclusion 

The T-R switch has been in use for over a year and 
has worked well under various operating conditions. 
Remember that the T-R switch protects the receiver 
only; it will not prevent the receiver from overloading 
if its dynamic range or age characteristics are not up 
to standard. In most cases, muting the receiver when 
the key is depressed is the best solution to this prob¬ 
lem. Take the advice of W4AX and K2RPZ: Turn that 
bargain transmitter into an effective CW rig with the 
addition of a good T-R switch. 

editor's note 

The bibliography at the end of this article has been 
culled from ham radio for the benefit of CW enthu¬ 
siasts interested in break-in control circuits. 

The article by Al Brogdon, K3KMO, combines the 
advantages of electronic switching using a Johnson 
model 250-39 T-R switch and an antenna change¬ 
over relay. 

Cal Sondergoth, W9ZTK, describes a solid-state 
system for use with separate receive and transmit 
antennas using low-power transmitters (under 100 
watts). The article emphasizes receiver overload dur¬ 
ing transmit. 

W.M. Mitchell, W8SYK, presents a single-transis¬ 
tor CW break-in circuit for stations with separate 
transmit and receive antennas. The design is for grid- 
block keying. 

J.K. Boomer, W9KHC, shows a low-power, solid- 
state T-R switch using a PIN diode. The circuit 
handles power to 100 watts at any desired keying 
speed. 
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I understacking 

high-frequency 
Yagi antennas 


A novel system 
for stacking beams 
on a tower 
to minimize 
mast damage 
in heavy weather 

Installation of a single Yagi antenna on a tower, 
whether the tower is guyed or not, provides a clean 
looking system that will no doubt perform as pre¬ 
dicted. If a commercially manufactured antenna is 
used, and there is no desire to make adjustments for 
optimum performance, mounting it in the clear away 
from all surrounding objects is the only way to do it. 
That, however, is not very cost effective. A second 
beam means a second tower, a third beam requires a 
third tower, and so on. I quit with three towers — but 
I want beams for 40 through 10 meters. 

Stacking distances of 10 feet (3 meters) or more 
aren't generally suited to high-frequency beam instal¬ 
lations because it's difficult to prevent the mast from 
bending in severe weather. Ultra-strong steel masts 
are expensive, heavy, and do not provide easy ac¬ 
cess to the top antenna. By understacking antennas, 
rather than overstacking them, a number of features 
develop which overcome these problems. 

Understacking takes advantage of a unique rela¬ 
tionship between the system weight and the effect of 
gravity. With conventional stacking arrangements, 
the weight of the top antenna adds to the bending 
moment at the base of the mast. Understacking sub¬ 
tracts the antenna weight from the bending moment 


because gravity aids in keeping the mast in a vertical 
position. 

A number of other feature benefits come into play. 
First, installing, tuning, or repairing the stacked 
antenna is relatively easy because it is mounted with¬ 
in reach of the person climbing the tower. Properly 
designed tilting hardware makes it easy to reach any 
point on the boom of either antenna. Element repair 
or matching-network adjustments are relatively sim¬ 
ple. Building the system shown in the photographs 
was a one-man project — no help was needed. 

A primary objective for any antenna system is to 
have it remain intact during foul weather. One dis- 
asterous event which can destroy an antenna, espe¬ 
cially one that is stacked above another, is a hurri¬ 
cane — or hurricane-force winds. Even with two days 
of notice (hurricanes are somewhat predictable!), an 
antenna stacked high on a mast offers little oppor¬ 
tunity to take damage avoidance steps to weather 
the storm. With understacking, however, you can 
climb the tower and tie in the stacked antenna with 
heavy rope. When the boom of the stacked antenna 
is fastened securely to the tower face, the chance of 
mast damage is eliminated. Furthermore, the mast 
and boom of the stacked antenna are fastened at a 
point where the top set of guy wires have the great¬ 
est strength — right at the guy point. The tie-in pro¬ 
cedure reduces the load above the top set of guy 
wires to one antenna surface instead of two. 

Further security is built into the system by install¬ 
ing a torsion bar assembly at the very top of the 
tower; see the photographs. The benefit is obvious: 
during hurricane season (June through November), a 
ready-made set of guy wires is kept on hand. If they 
are needed, it is a simple task to install them (it can 
be done in less than an hour). With the extra guy 
wires in place, there is little chance of tower damage 
from high winds. Whether or not the antenna sur¬ 
vives extremely high winds is a different matter. 
Keep in mind, though, it is far easier to repair a bent 

By Robert M. Myers, W1XT, 221 Long Swamp 
Road, Wolcott, Connecticut 06716 
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ment, 40-meter Yagi and an understacked five-element, IO¬ 
meter Yagi. 

antenna than it is to fix a bent tower! 

There are a few minor benefits to understacking as 
well. The auxiliary mast is a torsion tube which 
reduces stress on both the tower legs and the rotor. 
The empty span between Yagis is ideally suited to 
the installation of a small vhf antenna. 

mechanical components 

Fabrication of the hardware is simple and can be 
done easily in the home workshop. There are three 
different pieces to the system: an 11-foot (3.3-meter) 
long galvanized steel mast, two boom-tilt assem¬ 
blies, and two angle brackets to support the auxiliary 
mast at the top of the main mast. Standard discount 
store automotive muffler clamps are used to hold 
everything in place. Plated clamps are usually found 
in the hardware department rather than in the auto¬ 
motive section. 

The mast sections are made from 114-inch galvan¬ 
ized waterpipe. Because waterpipe is specified by in¬ 
side diameter (ID), not outside dimension (OD), the 
outer dimension for the 1)4-inch pipe is slightly 
under 2 inches (50 mm). This size is ideally suited to 
1-7/8 inch (48 mm) clamps although 2-inch (50 mm) 
clamps are satisfactory. Galvanized waterpipe is 
available from most plumbing supply dealers but be 
prepared for a stiff price. The material used here cost 
nearly $20! 

The two top mounted angle brackets are 12 inches 
(30 cm) long and provide adequate tower clearance 
for the auxiliary mast. The aluminum stock is 3 
inches (8 cm) on a side and %-inch (6 mm) thick. The 
upper angle piece is equipped with six muffler 
clamps, three on each end; the lower one has two at 
each mast connection point. 

Both boom-tilting assemblies are shown in the 


photographs. The 14-inch (25 mm! thick plate (alumi¬ 
num) has a horizontal pipe section held in place by a 
group of muffler clamps. Each Yagi has its boom-to- 
mast plate turned horizontal so that it may sit on the 
tilt assembly plate. Loose clamp hardware allows rel¬ 
atively free tilting of the boom to any position for the 
installation of the elements. The top boom-tilt as¬ 
sembly is fastened to the main mast and not the aux¬ 
iliary one. This helps offset the leaning action caused 
by the lower antenna. 

system description 

A five-element, 24-foot (7.2 meter) boom 10-meter 
Yagi is stacked under a two-element electrically 
shortened 40-meter beam (Mosley S-402) which has 
46-foot (13.8-meter) long elements. The Mosley an¬ 
tenna was selected because of its low wind surface 
profile as compared to a full sized array. The high Q 
of a loaded antenna makes it necessary to assure no 
detuning occurs as a result of other hardware being 
in close proximity to it. 

A number of other factors were involved in select¬ 
ing these antenna designs. The 10-meter beam has a 
boom length slightly longer than double the spacing 
between antennas which means that the top antenna 
interferes with rotating the lower boom vertical. 
Since the longest 10-meter element is shorter than 
the boom length for the 40-meter antenna (20 feet or 
6 meters), it is a simple matter to turn one boom 90 
degrees (horizontally) and tilt the 10-meter boom end 
and element up between the two 40-meter elements. 
The 24-foot (7.2 meter) boom length on the 10-meter 
beam was selected to provide element positions 
which would not be directly under the elements 



tom rung of the tower top section. The 10-meter antenna ro¬ 
tates Just above the top set of guys. An empty torsion as¬ 
sembly at the top of the tower is available for an additional 
set of guy cables if they should be necessary. 
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The 10-meter tilt assembly attaches to the auxiliary mast 
with four muffler clamps. Note the clamp at the very bot¬ 
tom of the mast. It is needed to keep the tilt assembly from 
slipping off the auxiliary mast and is an absolute require- 


above. For one thing, this gives slightly more separa¬ 
tion between elements than the vertical dimension 
indicates. More importantly, however, during a bad 
ice storm, the top elements won't droop and make 
contact with the lower antenna. Also, melting ice 
from the top elements will drop between the lower 
10-meter ones. Falling ice can play havoc with the 
antennas beneath! 

Interaction tests were required to assure no inter¬ 
action between antennas. The Mosley antenna was 
installed first. An SWR curve was plotted, front-to- 
back measurements were taken, and the relative sig¬ 
nal strength of a local broadcasting station were 
made (W1 AW is 25 miles away and visible on a clear 
day). Next, the 10-meter Yagi was installed and simi¬ 
lar measurements were performed. Rechecking the 
40-meter tests showed no difference in the figures. 
Rotating the top antenna 90 degrees with respect to 
the lower one had no influence on the test results of 
either antenna. The conclusion is that stacking these 


two antennas 10 feet (3 meters) apart is sufficient to 
avoid detuning either one. 

Mechanically, the system is stable and strong. The 
slightly off-center mounting of the auxiliary mast 
causes the main mast to lean to one side. This is 
counteracted to some extent by the top tilt assembly 
being mounted to the main mast with the horizontal 
pipe extending in the other direction. There is no 
binding in the tower top sleeve. The relatively long 
main mast to the rotor makes the misalignment insig¬ 
nificant. You should not attempt this type of under¬ 
stacking, however, if the rotor is mounted directly 
beneath the tower sleeve — or worse yet, if the rotor 
is mounted above the sleeve. Under these condi¬ 
tions, the lateral forces would destroy the rotor in 
short order. 

There have been two tests of the mechanical 
strength and reliability of the stacking procedure. In 
August, 1979, a severe storm whipped through cen¬ 
tral Connecticut, tearing roofs off buildings and 
uprooting trees. The local weather service measured 
wind velocities of 70 mph (110 km/h) for more than 
an hour. After the storm, the system inspection 
showed only a 40-meter element to be rotated 
around the boom; everything else was intact. During 
early September, Tropical Storm David generated 
wind gusts up to 70 mph (110 km/h); this time there 
was no damage. In neither case was the top set of 
guy wires installed (the extra set) or the lower boom 
tied into the tower face. A good deal of confidence 
was developed by these two events. After the first 
storm, it was a simple matter to tilt down the 40- 
meter boom and straighten the twisted reflector, 
hardware installation 

There are numerous ways an Amateur can ap¬ 
proach this kind of a project. The testing require¬ 
ments, however, dictated the order in which compo- 



The top angle brackets have been offset to give a greater 
spacing between the tower legs and the 10-meter boom. 
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Two angle brackets are used to hold the auxiliary mast in 
place. One is attached above the 40-meter tilt assembly; the 
other is connected below. 


nents were installed. It would be wise for anyone 
duplicating this system to perform tests similar to 
those mentioned earlier. If two antennas are put up 
and one doesn't operate correctly, it could be very 
difficult to determine the source of the problem. 

First, install the tilt hardware to the main mast. 
Next, position the 40-meter boom on the horizontal 
tilt assembly pipe. With the appropriate boom end 
tilted down along side the tower, attach one ele¬ 
ment. It is necessary to tie a rope to the opposite 
boom end from where the first element is connected. 
It should be done before the boom leaves the 
ground. The rope is needed to pull the non-element 
end down after the first one is attached. With both 
elements connected, the antenna weight is balanced 
and vertical rotation around the tilt assembly is easy. 
Exercise extreme care when turning the boom up or 
down. Be sure the clamps can't slide off the horizon¬ 
tal pipe. The pulling rope must be strong and tied se¬ 
curely in place. If the rope breaks or slips half way 
through the tilting process, the heavy end will swing 
down with a vengeance. 

Once the 40-meter beam is installed and tested, 
the two auxiliary mast supports are clamped in place; 
one gooes above the 40-meter tilt assembly and the 
other mounts beneath it. Muffler clamps should be 
attached to the far end of the angle stock, ready to 
accept the auxiliary mast. Slip the mast pipe up 
through the clamps and secure all of the hardware. 
The 10-meter boom-tilt assembly can be attached to 
the auxiliary mast before it leaves the ground or after 
the mast is in place. 

As with any antenna installation, safety is an ab¬ 
solute requirement. I have found the best procedure 


is to plan every step of the process in advance. Ab¬ 
breviated notes are used to avoid mistakes, 
boom-to-tower 
spacing adjustment 

The auxiliary mast aligns on center with the tower 
when the support angle brackets are parallel to the 
40-meter boom. The lower tilt assembly offsets the 
10-meter beam sufficiently to clear the tower during 
rotation. Sway in the auxiliary mast caused by wind 
may allow the 10-meter boom to occasionally bump 
into the tower leg at some headings. Twenty turns of 
polypropylene rope are wrapped around the 10-meter 
boom where it comes close to the tower. The rope 
acts as a bumper pad during very high winds. 

To increase the spacing between the boom and 
the tower legs, change the position of the angle sup¬ 
ports toward perpendicular with the 40-meter boom. 
The lower beam will need to be repositioned slightly 
for a corrected heading; an 8-inch (20 cm) clearance 



The homemade 10-meter beam mounts to the tilt assembly 
with four muffler clamps. The coaxial cable loop must be 
positioned so that rotation of the system doesn't crimp or 
cut it. 
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is adequate. Note the offset of the angle brackets in 
some photographs. 

pitfalls 

It is possible to forget some of the basics of good 
engineering practice. For instance, the auxiliary mast 
is indeed a 10-foot (3-meter) long lever arm and will 
flex the main mast pipe. An antenna of much larger 
dimensions than described here would likely cause 
one of the masts to bend if extremely severe weather 
were encountered. For use with bigger systems, hard 
steel tubing is recommended in place of waterpipe. 

Another important consideration is tower loading. 
The tower shown here is 100 feet (30 meters) of 
Rohn 25 guyed at 33, 66, and 91 feet (10, 20, and 27 
meters). The unsupported top section has a torsion 
guy assembly mounted just below the bottom rung 
which keeps lateral forces off the tower leg bolts. 
The load rating for Rohn 25 tower is 6 square feet 
(0.55 meter2) of antenna; many Amateurs exceed 
that with large six-element Tribander. The surface 
area rating for the Mosley S-402 is about 3.8 square 
feet (0.35 meter2). The lower five-element Yagi adds 
another 2.5 square feet (0.23 meter2) of surface area. 
This tower is sufficiently loaded for maximum safe 
operation (note that tower load ratings assume a 
rotor, mast, and cables and should not be included in 
the calculations). 

other combinations 

Interaction between antennas is always a possibili¬ 
ty when more than one antenna is placed on a tower. 
Many Amateurs have experienced difficulty in opera¬ 
tion when 15- and 40-meter antennas are mounted 
together on the same tower. The end result is usually 
poor front-to-back ratio with the 15-meter system. 
The high Qof a Tribander accentuates the problem. 
For this reason, you should be cautious about install¬ 
ing a Tribander and a loaded 40-meter beam on the 
same support. If interaction does result, the simple 
solution is to turn one of the antennas 90 degrees 
with respect to the other. Double dial calibration 
would then be required. 

A combination of antennas ideally suited to under¬ 
stacking is a small "Christmas Tree" of monobanders 
for 20,15, and 10 meters. The largest antenna should 
go at the top and the smallest in the middle of the 
auxiliary mast. In this manner, the heaviest Yagi is 
mounted just above the top tower sleeve, and the 
next largest antenna will have its weight at the bot¬ 
tom of the auxiliary mast to counteract the bending 
moment. 

No matter what combination of antennas is select¬ 
ed, be sure not to overload the tower. Hardware fall¬ 
ing from the sky is hazardous to your neighbors! 

ham radio 
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the Macromatcher: 


increasing versatility 



Several years ago I built the Macromatcher and the 
pickup coils 1 and used it with a grid-dip meter for 
antenna matching. This combination is rather cum¬ 
bersome if used at the antenna terminals when the 
antenna is at the top of the tower. An alternative 
method is to use the above setup on the ground with 
one-half wavelength of coax to give the same char¬ 
acteristics as at the antenna. 

I built a crystal-controlled transistorized signal 
source (powered by a 9-volt battery and mounted on 
the Macromatcher) for 20 meters (fig. 1) and 40 and 
75 meters (fig. 2). The photo shows the complete 
unit. The 20-meter oscillator is on the left, and the 
40- or 75-meter oscillator is mounted on the Macro¬ 
matcher. A Bud minibox CU-2103-B, 102 x 58 x 58 
mm (4 x 2-1 /4 x 2-1 /4 inches), was used. The part of 
the minibox with the lips is fastened to the Macro¬ 
matcher as shown. 



Tap at 25th turn 


fig. 1. Twenty-meter oscillator. 


Some thought and planning must be done to 
ensure proper positioning so that the oscillator out¬ 
put (coax receptacle) mates with the Macromatcher 
input receptacle. 

Connections between the Amphenol fittings are as 
follows: an 83-877 (double male) from the 83-1R (S0- 
239) on the oscillator to a 83-1AP (angle) to the 83-1R 
(SO-239) on the Macromatcher (see photo). The 
oscillator was built in the other portion of the mini¬ 
box, the part without the lips. 

When the unit is to be used on a different band, all 
that's necessary is to remove the four screws holding 
the minibox together, unscrew the coax connector 
on the Macromatcher, change the battery, secure 
the other oscillator to the Macromatcher, and the 
unit is ready to use. 


fig. 2. Forty- and 75-meter oscillator. 9V 

With a slightly larger minibox a VFO with a band¬ 
switching arrangement could be built, which would 
have more versatility. You'll note that the dial skirts 
of my unit haven't been reversed and remarked for 
resistance and reactance values. 
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two for one 

If the title sounds like poor odds on 
a tout sheet at Pimlico and not appli¬ 
cable to ham radio, have patience 
and read on. There have been a num¬ 
ber of times in more than thirty-three 
years as an Amateur when I wished 
to use more than one receiver on a 
single antenna system at the same 
time. Whether corrected directly or 
through decoupling amplifiers, sensi¬ 
tivity was lost or undesired inter¬ 
action in the form of rf oscillations 
resulted. 

For use on 2-meter fm I built a 
quarter-wave ground plane antenna 



I 


fig. 1. Circuit for combining one or more 
receivers to a single antenna. 


for base-station use. Some months 
later I obtained a tube-type aeronauti¬ 
cal monitor receiver (I'm involved 
with flying and wanted to listen to the 
aeronautical service). In the aeronau¬ 


tical communications with which I 
work, a maximum of three vhf receiv¬ 
ers are connected so that the primary 
side of all the antenna transformers 
are series connected; the bottom end 
of the antenna coil in the last receiver 
is grounded. These are double-con¬ 
version, fixed-frequency receivers 
with a minimum of 1-MHz frequency 
separation between the three series- 
connected receivers. 

Without a relative signal-strength 
meter in either the ham or the aero¬ 
nautical receivers, I not only maintain 
my Amateur operation but also copy 
aeronautical ground station transmit¬ 
ters that I know are putting 10 watts 
into over 46 meters (150 feet) of 
RG-8/17, combined. Thus, with 
about 3 dB power loss in the coaxial 
cables, I operate both receivers simul¬ 
taneously. I have more than 20 MHz 
frequency separation between the 
receivers. I'm about 32 km (20 miles) 
airline from the airport. 

The only modification to any re¬ 
ceiver with a grounded end on the 
antenna transformer is the addition of 
a chassis-mounted rf connector such 
as an SO-239 or a BNC, or N type 
connector (fig. 1). The ground con¬ 
nection is lifted and wired to the con¬ 
nector. Then, for single-receiver oper¬ 
ation, this point is again restored to 
ground by a jumper plug of the ap¬ 
propriate type. For dual- or triple¬ 
receiver operation, these former 
ground points are series connected 
with suitable lengths of 50-ohm coax¬ 
ial cable. The ungrounded end of the 
last receiver is grounded once again 


to re-establish the antenna-circuit 
continuity. The length of the coax 
jumpers is somewhat critical for the 
uhf and vhf ranges for optimum oper¬ 
ation but will be less so in the hf 
range. 

Jack Struthers, W20ZY 

TS-820 filter 
switching modification 

The addition of the YG-88C 500-Hz 
crystal filter to the TS-820 is a worth¬ 
while operating aid. When this filter is 
installed according to the instructions 
furnished, the filter will be automati¬ 
cally selected when the TS-820 MODE 
switch is in either the CW or TUN 
position. It's convenient to be able to 
select the wider 2400-Hz standard fil¬ 
ter during tune up or while scanning 
the CW portion of the band in use. 
Here's a scheme for selectable filter 
switching using no new hardware or 
new holes. 

Fig. 2 shows the back of the 
TS-820 METER switch. It's a double¬ 
pole, five-throw (DP5T) switch with 
only one-half being used; i.e., single¬ 
pole five-throw, or SP5T. Thus half 



switching for the TS-820. The meter 
switch (S-1) is shown at (A) viewed from 
rear of panel. New connections to connec¬ 
tor IF2 are shown in (B). 


of this switch is available for other 
uses. 

The speech processor is inopera¬ 
tive during CW and TUN modes, so 
the COMP position of the METER 
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switch is ideal for activating and se¬ 
lecting the 500-Hz filter. During tune 
up, as the METER switch is switched 
through ALC, IP, and RF, the 2400-Hz 
filter is activated, allowing higher 
meter readings and finer adjust¬ 
ments. 

For CW you can choose filters by 
switching to COMP to activate the 
500-Hz filter or use any of the other 
METER switch positions for 2400-Hz 
filter operation. 

Modification of the TS-820 is 
straightforward and should take less 
than an hour: 

1. Remove cabinet top and bottom 
covers. 

2. Locate and remove connector IF2 
from the bottom of IF Board X48- 
1150-00. 

3. Refer to the color-coded wiring of 
connector IF2 as shown in Figure 25, 
page 34, of the TS-820 Operating 
Manual. 

4. Remove gray wire from IF2. Place 
the blade of a small screwdriver into 
the slot above the wire and gently pull 
on the gray lead. 

5. Unsolder the gray wire from the 
connector tip. Solder a new wire ap¬ 
proximately 46 cm (18 inches) long to 
the connector tip and reinsert the tip 
into the connector IF2. 

6. Route the new wire along the 
large wire bundle and up through the 
chassis to the back of the METER 
switch. Cut to length, strip, tin, and 
solder to the switch at terminal 1 as 
shown in fig. 2. 

7. Splice a second new wire approx¬ 
imately 46 cm (18 inches) long to the 
free end of the gray wire, route it to 
the switch, and solder at 3. 

8. Remove the purple wire from IF2 
using the blade of a small screwdriver 
as in step 4 above. 

9. Solder one end of a third new wire 
approximately 46 cm (18 inches) long 
to the connector tip along with the 


purple wire. (There will now be two 
wires soldered to the single connec¬ 
tor tip.) Reinsert the connector tip 
back into connector IF2. 

10. Route this last new wire to the 
switch and solder at 2. 

11. Connect and solder a short piece 
of uninsulated, tinned wire between 
terminals 2, A, B, and C. Be sure that 
the uninsulated wire does not touch 
terminal 1. 

12. Neatly dress all leads (tie to ex¬ 
isting wire bundles if desired) and 


2048-bit memory keyer 

I do quite a lot of moonbounce 
operating on 144 MHz and this can 
sometimes result in an hour or so of 
continuously sending callsigns. I de¬ 
signed the keyer in fig. 3 to make 
operating easier. All I have to do is 




program the callsigns, and the keyer 
does the rest. 

The circuit is simple. The key is an 
ordinary Morse hand key. SW1 is the 
information in-out switch. The 1-k 
variable resistor is adjusted so that in¬ 


replace the top and bottom cabinet 
covers. 

This completes the modification. 
During tune up, as the meter is cycled 
through ALC, IP, and RF the 2400-Hz 
filter will be operative, as it will be 
during SSB. Additionally, the COMP 
position of the METER switch will ac¬ 
tivate the 500-Hz filter only while in 
the CW or TUN mode. Thus, the abili¬ 
ty to read compression level during 
SSB operation with the speech proc¬ 
essor is retained. 

Don Jacobson. K70AK 


formation going into the keyer just 
fills the memory. Decoupling capaci¬ 
tors are left out for the sake of clarity, 
but at least 200 p iF should be used 
from - 12 volts to ground and at least 
500 /tF from + 5 volts to ground. 

The output will drive a solid-state 


keying switch or sensitive reed relay 
directly. The keyer is indispensable 
for contest work; other uses include 
beacon and repeater identification. 
Memory capacity is 2048 bits. 

Dave Price, GW4CQT 



IC1, IC2 Signetics 2533 

IC3 SN7413 

IC4 SN7400 

fig. 3. Schematic of the memory keyer by GW4CQT, which takes the drudgery out of con¬ 
test work for sending ID, CQ, and callsigns. Memory capacity is 2048 bits. 
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products 


new Heath 
remote coax switch 



Heath Company, the world's largest 
manufacturer of electronic kits, an¬ 
nounces a new remote coax switch, 
the SA-1480 which allows the Ama¬ 
teur Radio operator to select any of 
five antennas by simply turning a 
knob at his bench. One feedline from 
the inside control box to the outside 
switching box replaces five separate 
antenna cables, saving coaxial cable. 
A special grounding position grounds 
all antennas for lightning protection. 

A specially shielded switching box 
protects the switching circuitry from 
the elements. Silver-plated switch 
contacts help lower SWR. The SA- 
1480 operates on frequencies up to 
150 MHz, and will handle full legal 
power. 

Heath engineers say the new re¬ 
mote coax switch can be easily 
assembled in six to eight hours. A U- 
bolt assembly is included to facilitate 
mounting the outside switching box 
on an antenna mast or tower leg. 

The Heathkit SA-1480 remote coax 
switch is mail order priced at $84.95 


F.O.B. Benton Harbor, Michigan. 
Write for a free catalog to Heath 
Company, Dept. 350-220, Benton 
Harbor, Michigan 49022, or pick up a 
copy at the nearest Heathkit Electron¬ 
ic Center (Units of Veritechnology 
Electronics Corporation), listed in the 
telephone directory white pages. 

Based in Benton Harbor, Michigan, 
Heath Company is a subsidiary of 
Zenith Radio Corporation. 

pocket shortwave 
receiver 



Measuring only 45 x 73 x 25 mm, 
the Model EP-8 is believed to be the 
smallest a-m/SW, two-band receiver 
available in the U.S. In addition to the 
standard "broadcast" band (a-m), 
the EP-8 receives shortwave frequen¬ 
cies from 3.9 to 12 MHz (ideal for re¬ 
ceiving WWV time signals on 5 and 
10 MHz). Controls include a band- 
select switch, tunable dial for a-m 
and SW, and volume control coupled 
with an ON-OFF switch. Audio output 
is via the supplied earphone only, and 
the receiver is powered by two hear¬ 
ing-aid type batteries (included). 

The Model EP-8 has built-in ferrite 
rod antennas for both bands. While 
shortwave reception is satisfactory 
for powerful stations such as the 


BBC, Radio Canada International, 
Radio Nederland, Deutsche Welle, 
and others, better SW sensitivity can 
be obtained by placing the receiver 
near a telephone or ac-line outlet. 
No direct antenna connections are 
necessary. 

Priced at $24.95 postpaid in 
U.S.A., the Model EP-8 is available 
from: Radios International, P.O. Box 
6053, Richardson, Texas 75080; 
phone (214) 784-0862. 

CMOS-safe 
1C extractor 

O.K. Machine and Tool Corpora¬ 
tion's model EX-2 extracts all 28-40 
pin DIP IC's having standard 0.600 
inch body widths, including MOS 
and CMOS devices. The mechanism 
is self-adjusting and gently lifts 1C 
from socket or board using uniform 
pressure applied simultaneously at 
both ends of the 1C. Designed for 
easy one-hand operation, the EX-2 
features heavy chrome plating for re¬ 
liable static dissipation, as well as a 
terminal lug for attaching a ground 
strip (strap not included). The EX-2 is 
priced at $7.95 and is available 
through local electronics retailers or 
directly from O.K.'Machine and Tool 
Corporation, 3455 Conner Street, 
Bronx, New York 10475. 

low-cost computerized 
Morse keyer from AEA 

A new, microprocessor-based 
Morse keyer — the MK-1 — has been 
introduced by Advanced Electronic 
Applications of Lynnwood, Washing¬ 
ton. 

The MK-1, which incorporates 
more than twenty special features, 
will be offered to the CW operator 
and Amateur market at a special in¬ 
troductory price of $79.95. 

"We're delighted with this new 
keyer," AEA President Lamb ex¬ 
plained. "It represents a major break¬ 
through in Morse keyers because it 
offers the advantages of microproc- 
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essor digital control at an affordable 
price." 

The MK-1 can easily be pro¬ 
grammed to send code at any rate 
between 2 and 99 wpm with precise 
full weighting control. The operator 
can adjust the dot to element space 
ratio from 0.5:1 to 1.5:1 and the dash 
to element space ratio from 2.0:1 to 
4.0:1. 

"The most exciting feature that 
users comment on is how easy it is to 
adjust the MK-1 for precise 3:1:1 
(dash:dot:space) ratio" Lamb added. 
"This'full weighting feature is not 
available on other keyers." 

Other features incorporated in the 
MK-1 include: Selectable semi-auto¬ 
matic "bug" mode (also useful for 
transmitter tuning), automatic 
stepped sidetone frequency selec¬ 
tion, iambic keying with squeeze pad¬ 
dle (paddle not supplied), operates on 
9 to 16 volts dc at 200 mA (power 
supply available for $9.95 retail), and 
output for grid-block or transistor cir¬ 
cuits. 

All control of the computer is per¬ 
formed with a modern keypad mount¬ 
ed on a sloping top surface for no¬ 
skid response. All mating connectors 
are supplied. The MK-1 can be used 
as code-practice oscillator with a 
straight key in the semi-automatic 
mode. The keyer has outstanding rf 
immunity. 

For more information on the MK-1 
and other AEA products including the 
MorseMatic* Memory Keyer, Iso- 
Pole* vertical gain antennas, or 
Magicom speech processors, contact 
AEA, P.O. Box 2160, Lynnwood, 
Washington 98036; phone (206) 
775-7373. 

Larsen Electronics 
expands Kulduckie line 

Larsen Electronics, Inc., has added 
another Kulduckie antenna series to 
its rapidly growing line. The new Lar¬ 
sen KD-4 antenna series fits all radios 
using a BNC connector for antenna 

•Trademarks of AEA 


attachment, and is available in ranges 
of 136-174 and 406-512 MHz. 

Larsen now has a Kulduckie anten¬ 
na to fit all of the most commonly 
used hand-held radios. These anten¬ 
nas are ruggedly built to withstand 
the rough use common to this type of 
antenna. Vhf and uhf models are 
spring wound for flexibility, and 
plated with high-conductivity mate¬ 
rial for maximum radiation efficiency. 

They are protected from the ele¬ 
ments by a tough, heavy duty coating 
which prevents detuning from short¬ 
ing and adds flexibility. They handle a 
full 25 watts, and are flexible enough 
to bend 180 degrees in all directions. 

For more information write Larsen 
Electronics, Inc., P.O. Box 1686, 
Vancouver, Washington 98668. 


hand-held DVOM 



Hickok Electrical Instrument Co. 
has introduced the LX304, the latest 
model in their LX series of hand-held 
DVOM's. Like the LX303, the LX304 
features an easy-to-read, ’/ 2 -inch 
high, 3 Vi digit LCD display; automatic 
polarity, zero and over-range indica- 
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A Note 
from the 
Ad 

Department 

Dear Readers: 

Did you know 
that ADVERTIS¬ 
ING pays a big 
share of the cost 
of producing each 
issue of HR? 

It’s important that 
YOU tell our 
advertisers where 
you saw their ads. 
Therefore, when 
you seen an ad in 
HAM RADIO - 
TELL THEM WE 
SENT YOU! 

The result of all 
this is more of the 
kind of magazine 
you’ve over¬ 
whelmingly told 
us you want! 

Jim, W1XU 
Craig, N1ACH 


tion; Vi-year battery life in typical 
use; simplified one-hand operation 
and ultra-rugged construction with 
excellent overload characteristics for 
long-term reliability. 

Other features of the LX304 include 
an automatic decimal point, a built-in 
low battery indicator, diode and tran¬ 
sistor testing capability and 0.5 per 
cent accuracy on dc volt ranges. 

Designed for convenient and eco¬ 
nomical bench and field use, Hickok 
LX Series multimeters are self-con¬ 
tained, with test leads that store in 
the removable, protective thermo¬ 
plastic cover. They will withstand a 
four-foot drop without loss of accu¬ 
racy. A complete line of inexpensive 
accessories extends their use into 
high voltage applications and temper¬ 
ature measurements. 

Price of the LX304 is $89.95. For 
more information, contact Hickok 
Electrical Instrument Co., 10514 Du¬ 
Pont Avenue, Cleveland, Ohio 44108. 


programmable encoder 



Communications Specialists has 
introduced a programmable 12-tone 
encoder, model TE-12P, available in 
either sub-audible or burst-tone con¬ 
figuration. 

In the sub-audible range, this en¬ 
coder allows the programming of 12 
standard frequencies from 67.0 Hz to 
203.5 Hz. In the audible range, burst 
tones may be selected in the range of 
1600 Hz to 2550 Hz in 50-Hz incre¬ 
ments. Additionally, there are thir¬ 
teen other frequencies available 
which may be used for either burst or 
test purposes. 

This encoder is housed in a durable 


plastic case measuring 5.25 x 3.3 x 
1.7 inches and is complete with 
mounting bracket and hardware. It 
may be powered by 6 to 30 Vdc, un¬ 
regulated at 8mA and provides a low- 
impedance, low-distortion, adjust¬ 
able sine-wave output of 5 V p-p. Re¬ 
verse polarity protection is built-in. 

Programming each channel can be 
done in seconds. A five position DIP 
switch is furnished for each of the 
twelve channels and it is merely a 
matter of setting each switch to the 
proper ON and OFF positions to 
achieve a binary-coded frequency. 

The output level is flat to within 1.5 
dB over the entire range of frequen¬ 
cies selected. In the low-frequency 
range, the frequency accuracy is 
±0.1 Hz and in the high-frequency 
range, the accuracy is within ± 1.0 
Hz. Sub-audible tones are designated 
as Group A tones and audible fre¬ 
quencies are Group B tones. No 
counter or other frequency meas¬ 
uring device is needed to set fre¬ 
quencies. 

The TE-12P is priced at $89.95, 
wired and tested, complete with in¬ 
structions. For more information 
write Communications Specialists, 
426 West Taft Avenue, Orange, Cali¬ 
fornia 92667. 

transistor 
replacement guide 

A 1980 edition of the RCA Solid- 
State Replacement Guide offering 
1080 solid-state replacement devices 
which replace more than 161,000 do¬ 
mestic and foreign types is now avail¬ 
able from RCA SK Device Distrib¬ 
utors. 

Published in January, the 1980 
RCA SK Replacement Guide contains 
easy to read information on RCA's 
full line of replacement transistors, 
rectifiers, thyristors, integrated cir¬ 
cuits, and high-voltage triplers includ¬ 
ing many MRO (maintenance and re¬ 
pair operations) replacements. The 
guide also includes an index and a 
comprehensive data section with list¬ 
ings grouped according to type of de- 
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vice. Dealers can ask for the 368-page 
1980 SK Guide at their local RCA dis¬ 
tributor or they may send check or 
money order for $1.50 to RCA Dis¬ 
tributor and Special Products, Post 
Office Box 597, Woodbury, New Jer¬ 
sey 08096. 


overvoltage transient 
suppressors 

Motorola has announced that it 
now supplies the recently introduced 
JEDEC-registered 1N6267 through 
1N6303 series of zener overvoltage 
transient suppressors. The axial-lead, 
plastic packaged zener series is sup¬ 
plied over the standard zener diode 
voltage range of 6.8 to 200 volts, in 
both 5 and 10 per cent tolerances. 
These devices are rated for 1500 
watts peak power dissipation for a 1 
ms pulse, and 5 watts dissipation 
under steady-state conditions. For¬ 
ward surge is rated at 200 amps for an 
8 ms pulse. Maximum clamping volt¬ 
age is also specified at rated reverse 
surge current. 

The 1N6267 series is specifically 
designed to protect voltage-sensitive 
components such as TTL, CMOS, 
PMOS, NMOS, memories, power 
transistors, and other devices from 
destructive high-voltage transients 
caused by lightning, static discharge, 
and inductive switching. They are 
used in various applications such as 
power supplies, telecommunications 
equipment, industrial controls, instru¬ 
ments, medical electronics, commu¬ 
nications equipment, and automotive 
electronics. Available now from your 
local Motorola Semiconductor dis¬ 
tributor. 

four-output, 5-MHz 
pulse generator 

A new digital pulse generator has 
been introduced by the B&K-Pre- 
cision Product Group of Dynascan 
Corporation. The generator. Model 
3300, offers a frequency range of 5 
MHz to 1 Hz and a pulse width of 100 
ns to 1 s. 



FOR AMATEUR OR COMMERCIAL APPLICATIONS 

1100-1300 MHz • Satellite • Microwave 


The RF-1200 is a single stage bipolar low-noise 
amplifier followed by a 2-stage output filter. Ion- 
implanted microwave 
transistors and micro¬ 
stripline construction. 

Die-cast case. 


SPECIFICATIONS 

Gain. 

Noise Figure.2 db 

Bandwidth.1 db 50 MHz 

Tuning Range.1100-1300 MHz 

Power Supply.13.5 vdc 20 MA 

Connectors.SMA 

Third Order Intercept +24 dbm 

PRICE $160 1-9 QUANTITY 
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Four separate outputs are avail¬ 
able. The first output is matched for 
600 ohms and is intended for general 
purpose applications. This output of¬ 
fers adjustable dc offset and a max¬ 
imum 30-volt p-p open-circuit output. 
A second output is matched for 50- 
ohm termination and permits pulse 
generation with a 15 ns rise or fall 
time. A TTL output is also provided 
for signal substitution in TTL circuitry. 
A full-width delay pulse output is also 
TTL compatible. 

For analysis of digital circuitry, the 
3300 outputs can be single pulsed. 
For interfacing two breadboarded cir¬ 
cuits of different logic families, the 
3300 can be used to shift pulse levels 
for compatibility. In this same way, 
distorted pulses can be reconstructed 
for operational tests. A pulse-burst 
capability allows the 3300 to be used 
as a signal source for testing counters 
and shift registers. The generator also 
can be used to frequency shift-key a 
function generator, such as the B&K- 
Precision Model 3010 or 3020. 

Nine operating modes are offered 
on the 3300, including a pulse-delay 
mode, which allows the generator to 
be used with a conventional triggered 
scope to provide delayed-sweep op¬ 
eration. This allows the user to in¬ 
crease the usefulness of an existing 
scope without purchasing a delayed- 
sweep model. A fixed-delay mode is 
also provided for a quick set-up of 
scope delay. 

For pulse generator operation, con¬ 
trol over pulse period, delay, and 
width is fully independent. The con¬ 
trols for each have seven discrete 
steps, plus a continuous vernier ad¬ 
justment. An LED warning indicator 
alerts the operator of any incorrect 
settings that might cause the gener¬ 
ated pulses to overlap, thereby creat¬ 
ing a dc level. 

The 3300 comes in a compact case 
with a combination tilt stand/carrying 
handle. A 48-page operation and ap¬ 
plications manual is included. Price is 
$325. For additional information, con¬ 
tact B&K-Precision, 6460 West Cort¬ 
land Street, Chicago, Illinois 60635. 









variable test load for 
rf power amplifier 

A new, variable test load for rf 
power amplifiers and radio transmit¬ 
ters is available from Design Auto¬ 
mation, Inc. 

The Design Automation Model 
LI0-5 is a 10.5 MHz variable test load 
that lets you determine if an rf power 
amplifier or radio transmitter can 
withstand arbitrary mismatched out¬ 
put loads without damage or spuri¬ 
ous ofcillation. Other standard test 
loads from 10 to 100 MHz are also 
available. 

With a 50-ohm nominal transmis¬ 
sion-line impedance, the L10-5 pro¬ 
vides ten switch-selected values of 
SWR from unity to infinity (greater 
than 40), and continuously variable 
coverage of all 360° of reflection co¬ 
efficient. Depending on SWR value, 
the test load can dissipate 5 to 20 
watts. 

The Li0-5 is priced at $285. For 
more information contact Nathan 
Sokal at Design Automation, Inc., 
809 Massachusetts Avenue, Lexing¬ 
ton, Massachusetts 02173, or call 
(617) 862-8998. 


Zulu II clock kit 

The new six-digit Mobile/Fixed- 
Station Zulu clock kit is now available 
from Bullet Electronics. The kit fea¬ 
tures quality G-10 plated and drilled 
PC boards, detailed step-by-step in¬ 
structions with illustrations and sche¬ 
matics and all the required parts. 

The kit is called the Zulu II, and has 
as standard features large 1/2-inch 
character LED readouts, quartz crys¬ 
tal and brightness control, noise-re¬ 
jection circuitry, and a calendar on 
demand. 

The Zulu II will be sold without a 
case for $16.95, or with an attractive 
injection-molded case in either blue 
or beige for $22.95. The addition of a 
small 12 Vac transformer allows stan¬ 
dard ac operation. The kit is the result 
of numerous customer requests for a 
clock of this design. 
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ANTENNA SWITCHING ALLOWS YOUR FEEDLINE 
TO WORK FIVE TIMES HARDER 





MODEL 50 



ANTENNA MART 

Remote Antenna Switch 
$150.00 -P $3.00 shipping 

1 

P.O. BOX 1010 

ISU Station 

AMES, IOWA 50010 
(515)292-7114 

mm 


ASTRON POWER SUPPLIES 

• HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE • 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATE0 

• FOLD-BACK CURRENI LIMITING Protects Power Supply from 
excessive current & continuous shorted output. 

• CROWBAR OVER V0L1AGE PROTECTION on Models RS-7A. 

RS-12A. RS-20A. RS-35A. RS-20M & RS-35M 

• MAINTAIN REGULATION & LOW RIPPLE al low line input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORO 

• ONE YEAR WARRANTY • MA0E IN U S A. 

• VOLT l AMP METER ON MODELS RS-20M S RS-35M 
PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE: 105 125 VAC 

• OUTPUT VOLTAGE: 13 8 VDC *0.05 volts 
(Internally Adjustable: 11-15 VDC) 

• RIPPLE Less than 5rov peak lo peak Hull load l low line) 

• REGULATION * 05 volts no load lo lull load S low line lo high line 
Ollier popular POWER SUPPLIES alto available. ISame leatutes and specifications as 



ASTRON 20 AMP REGULATED 
POWER SUPPLY Model RS-20M 


16 Amps continuous 
20 Amps ICS* 

5" (HI x 9" (W! ■ 10.5' (01 

Shipping Weight 20 lbs 

Price.$117.95 



*ICS — Intermittent Communicalion Service (50% Duly Cycle) 
II not available al your local dealer, please contact us directly. 



/El 


ASTRON 

CORPORATION 


1971 South Ritchey Street 
Santa Ana. CA 92705 
(714) 835-0682 
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ERC Promises Up To The Minute State-Of-The-Art 
Design and Performance 

Four Simultaneous Filters in One for Unparalleled QRM Free Reception (SSB & CW) 
* Plus a Special Patented CW Processor * 

The brand new SL-56 Audio Active Filter 
supercedes our SL-55 in both concept and 
perlormance. Consolidation ot many components 
has allowed us to make 13 operational amplifiers 
(compared to 6 In the SL-55) into a filter 
guaranteed to out perforin any other at a cost only 
slightly higher than the SL-55. The features of the 
SL-56 are so advanced from its predecessor that 
calling it the SL-55A Is not justified. Unlike other 
lilters that simply otter a choice of one or two filter 
lypes at a time (notch, bandpass, etc.) SL56 
provides what is really needed - thesimultaneousaction ot a 6 pole 200 Hz fixed highpass filter and 
a 6 pole 1600 Hz fixed Icwpass filter with a 60 dB notch which is tunable over the 200-1600 Hz 
range. This 3 filter combination Is unbeatable tor the ultimate in QRM free SSB reception. Adjacent 
channel QRM Is eliminated on the high and low sides at the same time anc does not introduce any 
hollowness to the desired signal. On CW the SL-56 is a dream. The lowpass. highpass and notch 
lilters are engaged along with the tunable bandpass filter (400-1600 Hz) providing the needed 
action of 4 simultaneous filter types. The bandpass may be made as narrow as 14 Hz (3dB). 
Additionally, a special patented circuit follows the filter sections which allows only the peaked 
signal to "gate itself” through to the speaker or headphones (6-2000 OHMS). Receiver noise, ring 
and other signals are rejected. This is not a regenerator, but a modern new concept in CW 
reception. The SL-56 connects in series with the receiver speaker output and drives any speaker or 
headphones with one watt of audio power. Requires 115 VAC. Easily converted to 12 VDC 
operation. Coal black cabinet and wrinkle gray panel. 

Warranted One Full Year Fully RFI Proof Fully Wired and Tested Available Now 
$79.00 Postpaid In the USA and Canada Virgin,,. n.s.doms am ah Sales to* 

Attention SL-55 Owners: The Circuit Board of the SL-56 is Completely Compal able with 
the SL-55 Chassis. Our Retrofit Kit is Available at $40.00 Postpaid. 

Electronic Research Corp. of Virginia 

P O. Box 2394 • Virginia Beach. Virginia 23452 • Telephone: (804) 463-2669 



SL-56 

Audio Active Filter 
(3.5 « 5.5 * 7.5 Inches) 


NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 
Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 
We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton St., Buffalo, N. Y. 14206 


Comments . . . 
on HORIZONS 

“refreshing change” 

“dedicated people who 
are really making an 
effort” 

“better and better every 
month” 

Want to see what 
they’re talking about? 


Subscribe to HORIZONS 
today 

12 issues $12 


GREENVILLE 

NH 

03048 


new edition Of 
Kester Solder brochure 

A new edition of Kester Solder's 
12-page brochure covering its broad 
line of solders and fluxes has been 
published by the Litton Industries 
division. 

The publication covers acid- and 
resin-cored solders, flux-cored silver- 
bearing solders, and radiator solder. 
Also included are Kester's half-pound 
spools of acid-core, solid wire, and 
"44" resin-core solders. Kester's 
handy package-goods solders, and 
other carded merchandise are fea¬ 
tured too — metal mender, TV-radio 
solder, aluminum-repair solder, sol¬ 
der-paste flux, and related chemical 
products. 

"Soldering Simplified" and "Ques¬ 
tions and Answers about Soldering" 
are included in the brochure. 

Copies are available on request to 
Mack Haraburd, Vice President, Mar¬ 
keting, Kester Solder, 4201 Wright- 
wood Ave., Chicago, Illinois 60639. 

A Chicago company for 81 years, 
Kester Solder is a leading manufac¬ 
turer of quality solders and soldering 
chemicals and cleaners. 

Fault Finder.locates 
shorts and opens 

The Fault Finder is a solid-state 
electronic device which, when used 
in conjunction with a standard clamp- 
on ammeter, aids in locating shorts or 
opens in automotive, marine, and air¬ 
craft electrical systems, or any other 
type of electrical system which oper¬ 
ates in the range of 5 to 30 volts dc. 

Operation is extremely simple. In 
an automotive electrical system for 
example, the Fault Finder is clipped 
into the circuit at the fuse block or at 
the battery and the clamp-on ammeter 
gives a direct indication of a short. 
Any ammeter deflection means a 
short exists in the circuit. No deflec¬ 
tion, no short. Exact location of the 
short is accomplished by taking read¬ 
ings with the ammeter at various 
points in the circuit away from the 
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battery or fuseholder. When no cur¬ 
rent is indicated, the short is known 
to be between that point and the last 
point at which current was indicated. 

Location of open circuits is accom¬ 
plished without the use of the am¬ 
meter. A puncture clip is provided for 
this purpose, and a red LED indicator 
lamp on the Fault Finder gives direct 
indication of voltage. 

The Fault Finder requires no inter¬ 
nal battery and comes with a one- 
year limited warranty at a suggested 
retail price of $79.95. A variety of 
clamp-on ac ammeter models are 
available at the manufacturer's sug¬ 
gested retail price less 15 per cent. 
Dealer inquiries welcome. 

Contact Paul Brinegar, Trinity Elec¬ 
tronics, Inc., 6001 North Michigan 
Drive, Kansas City, Missouri 64118; 
phone (816)452-1045. 


CW station identifier 

Spectrum Communications' model 
ID1000 automatic morse CW station 
identifier is a 1-2 channel, stored-pro- 
gram unit designed to connect with 
any solid-state or tube-type base sta¬ 
tion or repeater transmitter. This new 
IDer features automatic identification 
of the station, either at completion of 
activity or at 15-30 minute intervals, 
built-in AC power supply, optional 
provision for 12-Vdc battery input 
with automatic switchover to special 
"Emergency Power ID." CW tone 
pitch, speed, level, and time are ad¬ 
justable. 

The transmitted code signal is a 
pleasant sinusoidal note, and the unit 
has an output capacity of up to 6 
volts p-p into a 600-ohm or greater 
load. A plug-in PMOM chip is used to 
store the memory. The unit is housed 
in a standard 19-inch rack mount. 

The unit ensures full and automatic 
compliance with the FCC require¬ 
ments of parts 89, 91, 93, and 95, as 
well as other applications. For further 
information, contact Spectrum Com¬ 
munications Corp., 1055 W. German¬ 
town Pike, Norristown, Pennsylvania 
19401, (215) 631-1710. 


[STEP UPTOTELREX 

Professionally Engineered Antenna Systems 

Single transmission line “TRI-BAND® ARRAY” 

MONARCH 

ILLUSTRATION BALUN 


'Ns. 

ILLUSTRATION TRAP 

By the only test that means anything ... 

|§jjjy 

tinues to outperform all competition ... 
and has lor two decades. Here's why 
. . . Telrex uses a unique trap design 

For lechnical data and prices on com¬ 
plete Telrex line, write for Catalog PL 7 

employing 20 HiQ 7500V ceramic con¬ 
densers per antenna. Telrex uses 3 opti¬ 
mum-spaced. optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-band performance. 

(Wtelrexj^=z 



PRETUNED - COMPLETELY ASSEMBLED - / 

ONLY ONE NEAT SMALL ANTENNA FOR If 
UP TO 7 BANDS! EXCELLENT FOR CON- VL 
GESTED HOUSING AREAS - APARTMENTS Y 

LIGHT - STRONG - ALMOST INVISIBLE! J 

COMPLETERS SHOWN with 90 ft. RG58U-52 ol 

WITH AN^VraNScSvER !°NEW - EXCLUSIVE* 17 

SEND FULL PRICE FOR POSTPAID INSURED. DEL. 

customs etc.)or order usinu VISA - MASTER CHARGE 
date. Ph 1-308-236-5333 9AM - 6PM week days. V 
SAVE - ORDER NOW! AH antennas guaranteed for 1 ye 
Made In USA. FREE INFO. AVAILABLE ONLY FROM 
WESTERN ELECTRONICS Dept. * 

f --— 

FOR ALL MAKES & MODELS OF AMATEUR 
TRANSCEIVERS - TRANSMITTERS - 

GUARANTEED FOR 2000 WATTS SSB 
JOOO WATTS CW. INPUT FOR NOVICE AND 
ALL CLASS AMATEURS1 

Ith f buHt^n' "Iflh In In g **vr e»t er* and' s tatlc* discharge - 

all bands Including 8(y75 (Pat.Pend. Broadband design). 
ENNA YOU WILL EVER NEED FOR ALL BANDS - 

of RG58U - connector - Model 999BU-$79.95 

IN USA. (Canada Is $5.00 extra for postage - clerical - 
- CARD - AMER. EXPRESS. Give numoer and ex. 
ife shlp^ln 2-3 days. ALL PRICES WILL INCREASE . . 

*R-6 Kearney. Nebraska, 68847 
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July 26 thru August 8,1980 

Our 21st year of successful teaching 
Boost your Ham Skills 
on the Blue Ridge 
"A Vacation with a Purpose" 

Two weeks saturation learning program 
in Amateur Radio: 

• Novice to General 

• General or Technician to Advanced 

• Advanced to Amateur Extra 
Expert Instruction starting at your level. 
Code and Theory in depth along with 
Friendly Amateurs, Who Care About 


C. L. PETERS. K4DNJ. Director 

Oak HIM Academy Amateur Radio Sessior 

Mouth ot Wilson, Virginia 24363 

Name_____Call 

Address..._ ___ 

City/State/Zip . ... .. . 


The Best \ 
Got Better | 



MODEL 4381 RF POWER ANALYST 


This new generation 
RF Wattmeter with nine-mode 
system versatility reads- 

IN STOCK QUICK DELIVERY 


IVIfebsieri 

associates 

115 BELLARMINE 
ROCHESTER. Ml 48063 


CALL TOLL FREE 

800 - 521-2333 

IN MICHIGAN 313 - 375-0420 


TEXAS: Ham Com Is hosting the Weal Gull Division 
ARRL Convention at the North Park Inn, Dallas, on June 
8, 7 & 8. For reservations write Ham Com, Inc., Box 
29340, Dallas. TX 75229 or call Tom Genlty at (214) 
620-2784 and he will sign you up. 

PENNSYLVANIA: The Mlllon Amateur Radio Club's 

Hamlost will bo held Junes at the Allenwood Firemen's 

Fairgrounds on U.S. Rle. 15, Allenwood, Irom 8 a.m. lo 5 
p.m. Sellers' tickets In advance: $2.50 - $3 at gale. XYL's 

and children free. Prizes, contests, indoor area available, 

food and beverages. Talk-In on 37/97 and 52 simplex; 
club calls: K3FLT, WR3ADL. For lurlher details call or 
write: Kenneth E. Haring, WA3IJU, R.D. HI, Box 381, 
Allenwood, PA 17810,(717) 538-9188. 

MARYLAND: Frederick A.R.C. Hamlest, June 15th, al the 
Frederick Fairgrounds. East Patrick Street. Grounds 
open 8 a m. lor commercial and tailgating; breaklast 
available. Hamlest opens 8 a.m. lor general admission; 
donation $3 and $2 extra lor tailgating; YLs and children 
free. Plenty food, drink, parking. Talk-in K3ERM 146.52 

WB3LJK, New Market. MD 21774;'or Hamlest Commit¬ 
tee, P.O. Box 1260, Frederick, MD21701. 


WEST VIRGINIA: OSO party, Irom 1600Z 21 June to 
1600Z 22 June, with no operating lime limits. One con¬ 
tact lor each station per band. Exchange QSO number, 
report, county (W.Va only), state or country. Only one un¬ 
assisted operator per station lor award. Multiplier lor 
QRP. Send logs lo Wesl Virginia QSO Party, Route 1A, 
Box 6-A, Moorelield, Wesl Virginia28836. 



"I find Amateur Radio is less complicated, 
much cheaper, and far less taxing than my 
former hobby." 



S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


TUBESTERS™ 

• S-line performance-solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage. CA 95481 (707) 462-6882 


SYNTHESIZED 

SIGNAL GENERATOR 


@■5 

•Covers 100 10 179.999 MHz In 1 kHz sleps with 
thumb-wheel dial • Accuracy .00001% al all fre¬ 
quencies • Internal frequency mudulatiun Irum 0 in 
ever 100 kHz al a 1 kHz rale • Spurs and noise al 
least 60dB beluw carrier • RF uutpul adjustable Irom 
50 lo 500mv across 50 ohms • Operates on I2vdc 
@ Vi amp • Price $299.95 plus shipping. 

In stock lor immediate shipping. Overnight 
delivery available al extra cost. Phone: (212) 
468-2720. 

VANGUARD LABS 

196-23 Jamacla Ave. Hollis. NY 11423 



BUDWIG MFG. Co. PO Box 829^Ramona.CA92065 


NOT A 

SUBSCRIBER? 

DO IT TODAY! 

use the handy card between 
pages 92 &93. 
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on top of the news 

by Joe Schroeder 


It is sometimes fashionable to say that the spirit of Amateur Radio has gone, and today's Amateur is an 
uninformed uninvolved appliance operator. What took place Friday evening, May 23rd, on 75 meters was a 
stinging rebuttal to that gloomy assessment. Every night that week AMSAT members and other interested 
Amateurs had been meeting on 3850 at 0200Z for a progress report on the launch of AMSAT's Phase-Ill 
satellite. After one of the French Ariane launch vehicle's four rocket motors failed during launch that 
morning and put Phase III (with a lot of other expensive space projects) into the Atlantic Ocean near 
Devil's Island, the group met once again to commiserate with each other over the disaster. 

What began as a wake quickly turned into an almost unprecedented outpouring of support. With 
AMSAT’s President, Tom Clark, W3IWI, as net control, most of the active North American participants in 
Phase Ill's development were joined by perhaps one hundred other check-ins from across the United 
States, Canada, and even Cuba. There were eulogies for the Phase-Ill bird and the loss of its unique 
capabilities, to be sure, but the predominant message over the following several hours was, "Let's keep 
moving ahead!" And this message came, significantly, not only from the already involved AMSAT 
membership but from bystanders — many of whom checked in to say: "I haven't been on OSCAR yet but 
always admired what you guys were doing. With your loss today it's time I became involved, so my check 
for membership plus a contribution is in the mail. How else can I help?" Needless to say, such support pro¬ 
vided a priceless boost for those who'd heard their efforts of the past several years splash down in the 
ocean just twelve hours earlier. . . and they reflect that real Amateur Radio spirit that has too often been 
passed off as dead. 

What does the loss of Phase III mean to AMSAT, and along with AMSAT, to the Amateur community? It 
means the loss of years of very hard work by a relatively small group of Amateurs in a half dozen coun¬ 
tries. It means the loss of the $150,000 in hard cash that AMSAT invested in Phase III. It means the loss of 
more than a year, and possibly several years, before a new free-world Amateur satellite can be put up to 
replace OSCAR 7 (still operational well beyond its designed lifetime but showing its age) and OSCAR 8. 

What's needed to keep our space program going? First and foremost, money, and plenty of it. Space 
efforts cost money, and the kind of sophistication that makes our "amateur" satellites suitable traveling 
companions for the best efforts of the pros cannot be accomplished on a shoestring. The Phase III invest¬ 
ment brought AMSAT's treasury to a dangerously low point, and it's going to need rapid infusions of new 
money if we are not going to lose momentum. The second need is participation, people to volunteer for all 
kinds of tasks from bookkeeping and basic administration to state-of-the-art design work and computer 
programming. Finally, AMSAT needs members, for, by joining, an Amateur becomes not only a con¬ 
tributor but an involved contributor. 

The response to AMSAT's needs was almost instantaneous after the news of Phase Ill's loss. Following 
the pledges on the Friday-night net, AMSAT's mail box has been bulging with new member applications 
and contributions. Within a few days. Amateur Electronic Supply in Milwaukee, Ham Radio Center in St. 
Louis, and the Ham Radio Publishing Group had all pledged $1,000 each to AMSAT, and many more in¬ 
dustry contributions are expected. 

What can you do? Join AMSAT. Annual dues are only $10 a year before July 1, $20 thereafter; life 
memberships are now $100, going up to $200 after July 1. Contributions to AMSAT are tax deductible. 
AMSAT, Box 27, Washington, D.C. 20044 is the place to send your check. Do it today and help 
demonstrate that Amateur Radio spirit is as real now as it ever was! 

Joe Schroeder, W9JUV 
associate editor 
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comments 

Jit i 

factory service 

Dear HR: 

The editorial in the January, 1980, 
issue of ham radio is interesting, but 
somewhat misleading. Even though 
it's stated that some manufacturers 
require their dealers to provide war¬ 
ranty service, the general impression, 
after reading the editorial, is that all 
Amateur dealers apparently do not 
have the capability to provide ade¬ 
quate after-sales service. 

I agree it is a bad situation when a 
manufacturer requires its dealers to 
provide the warranty service, and 
then does not supply the dealer with 
up-to-date service information or 
parts. 

However, Trio-Kenwood goes to 
great lengths to avoid this situation. 
First, every authorized Kenwood 
dealer is required to have the facilities 
to perform after-sales service. The 
customer may send his equipment 
either to the dealer or to us for war¬ 
ranty service. We are constantly mail¬ 
ing up-to-date service information to 
our dealers, and they are equipped 
with all of our service manuals and 
other technical material. 

When you bring a rig to an author¬ 
ized Kenwood dealer for repair, you 
are bringing it to a factory-trained 
technician. We conduct service semi¬ 
nars each year for the dealers, provid¬ 
ing them with several days of inten¬ 
sive instruction. Our dealers are reim¬ 
bursed for parts and labor, and are 
adequately stocked with the most 
commonly needed parts. Therefore, 


in most cases, the local Kenwood 
dealer can repair a rig as quickly and 
as thoroughly as we do, saving the 
customer several days of ^shipping 
and avoiding possible shipping 
damage or loss. 

The “Kenwood Users' Report" in 
the January, 1980, issue of Ham 
Radio Horizons shows that more rigs 
are serviced by the dealers than by 
us, and that the majority of owners 
are satisfied\ with the service; and 
local service is certainly much more 
convenient for the customer. 

We support the local dealer by 
training him to perform after-sales 
service. We must support the local 
dealer, because Amateurs depend on 
him for advice on the selection and 
use of equipment, as well as fast and 
competent service. A responsible 
Amateur Radio manufacturer, be¬ 
sides offering full factory-backed 
warranties, also keeps his dealers 
fully prepared to offer after-sales 
service. I wish your editorial had rec¬ 
ommended contacting these dealers 
first, for service. 

Kenneth M. Bourne, W6HK 
Manager, Marketing Services 
Trio-Kenwood 
Communications, Inc. 


We did not mean to imply that cus¬ 
tomers who require service should 
not seek help from their dealers first; 
we simply wanted to point out that 
dealer service is only as good as the 
support those dealers receive from 
the manufacturers, and not all manu¬ 
facturers have the extensive dealer 
support program sponsored by Trio- 
Kenwood .. Too many Radio Amateurs 
take good customer service for grant¬ 
edwhen it is not always available — 
regardless of the reputation or integ¬ 
rity of the dealer. 

Editor 


ni-cad battery charging 

Dear HR: 

I enjoyed WA6TBC's article on the 
any-state ni-cad charger in the De¬ 
cember issue of ham radio. Ni-cad 
batteries are something of a problem 
. . . they are, to a point, difficult to 
maintain. They either run down en¬ 
tirely and reverse polarity in one or 
more cells, or else are damaged by 
mere overcharging. My own experi¬ 
ence has shown, however, that bat¬ 
teries are better kept on constant 
charge (a trickle); that minimizes an¬ 
noyances all around. For example, I 
have a Vivitar electronic flash unit 
which has been on charge all the time 
for more than a year; test shows the 
unit to be operating very well. I in¬ 
stalled a 100-ohm series resistor to re¬ 
duce the charging current; this was 
placed right at the charger jack inside 
the flash unit. My impression is that 
ni-cad batteries tolerate all-time 
trickle charging. At any rate, this 
trickle charging insures that I have an 
operative unit always ready for use. 

I might mention that I run all my 
calculators on chargers, and to date I 
have never had any problem with in¬ 
operative batteries due to "over¬ 
charging." Acquaintances tell me 
that they run their Hewlett-Packard 
calculators all the time off their 
chargers. I even run my Non-Linear 
Systems Miniscope on its charger all 
the time; the system has an automat¬ 
ic current limiting system built in. 

At any rate, ni-cad batteries and 
gel batteries are a mixed blessing. 
Convenience dictates that each cal¬ 
culator, electronic flash unit, or oscil¬ 
loscope be ready and running on a 
second's notice, without regard to 
state of battery charge. Hence the 
need for constant trickle charging. 

Robert H. Weitbrecht, W6NRM 
Belmont, California 

(Continued on page 12) 
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AMSAT'S PHASE-III SATELLITE HAS LOST May 23 when one of the four Viking rocket engines 
on the French Ariane launch vehicle lost power after liftoff, sending it into the Atlan¬ 
tic. Liftoff was at 1429:42Z, a few seconds before the launch window closed, following 
a countdown delayed by rain and minor technical difficulties. After the launch, the on¬ 
board computer was unable to hold course because of uneven thrust, and only a minute or 
so into the flight the Ariane exploded from either fuel tank rupture or range officer 
command. Amateurs throughout the world heard the sad event unfold via the ALINS net on 
10, 15, and 20. 

About $150,000 And Thousands of hours worth of work by Amateurs in many countries is 
now on the ocean bottom, along with the "Firewheel" experiment. Phase III was not insured, 
because companies won't write such insurance until after the launch vehicle has four suc¬ 
cessful flights. This was Ariane's second flight. Fortunately, a duplicate Phase III 
structure had been built and, along with a full set of solar panels, circuit board art, 
software and circuit design, is available for another Amateur satellite. One could prob¬ 
ably be assembled in less than a year. 

Finding A New Launch opportunity is a major problem facing the Amateur space community. 
The European Space Agency is one good possibility, though this failure may set back their 
schedule for regular Ariane launches in 1981. The U.S. Space Shuttle is a possibility, 
though it's also behind schedule. Other possibilities will surely come along, but when 
is impossible to predict. Until a commitment is firmed up another Amateur spacecraft can't 
be completed, because it must be tailored to the launch vehicle's needs. 

AMATEUR RADIO COMMUNICATIONS has been deeply involved in the aftermath of the eruption 
of Washington state's Mt. St. Helens volcano. First word of the disastrous explosion 
that blew the top off the mountain on May 18 came from an Amateur whose camper has been 
on the mountain's slope. After describing the beginning eruption, he ended his trans¬ 
mission with, "I'm getting the hell out of here!" He, along with two other Amateurs 
and many otherp, have been unaccounted for since. 

About 200 Amateurs , half of them in locations near the eruption or working directly 
with rescue crews as search and welfare observers, and the other half serving at various 
key locations around the state, worked around the clock after the volcano blew. Many 
were involved in sample gathering and prediction work, an activity that began with the 
initial eruption on March 27, as well as handling all kinds of traffic for various local, 
state and federal agencies. Amateur Radio proved more effective than the telephone for 
handling much of the emergency traffic. 


THE EXODUS OF REFUGEES FROM CUBA has been assisted by Radio Amateurs, both en route 
and following arrival in Florida. Some of the estimated 2000 small boats ferrying 
Cubans between Mariel Harbor in Cuba and Key West or other South Florida ports have used 
Amateur Radio to coordinate their efforts, mostly on 40 meters. WB4RDD and WD4EH6 have 
headed up efforts on the 7175 kHz relief net. assisted by WD4LLT, WD4LAP. KA4JAI. KA4AQQ, 
and others. 














comments 

I Continued from page 61 

frequency synthesizer 

Dear HR: 

Tom Cornell's article on the CMOS 
2-meter synthesizer in the December 
issue is an example of a well-designed 
circuit, along with a down-to-earth 
description that will probably warm 
the soldering irons of many interested 
readers. It is for these reasons that J 
would like to suggest that any would- 
be builders examine the owner's 
manual of their radio to determine the 
method of frequency modulation. 

In the article, Tom mentions that 
he was using the synthesizer with a 
Regency HR-2B. Undoubtedly, the 
synthesizer will work fine with that 
radio because it uses a reactance- 
type phase modulation technique. It 
has been my experience, however, 
that most present day crystal-type 
rigs and transmitter strips use varac¬ 
tor diode crystal rubbering tech¬ 
niques to deviate the carrier. Thus, 
using the synthesizer with this type 
transmitter will produce a clean car¬ 
rier, but will lack any modulation. 
Therefore, would-be builders would 
be well advised to check their rigs be¬ 
fore buying parts. 

Don Cwynar, WA3AXS 
Reading, Pennsylvania 

You bring up a good point. Older 
fixed-frequency and crystal controlled 
fm rigs such as the Regency HR-2B 
used by author K9LHA were based 
on a phased modulator which work 
fine with the CMOS synthesizer — 
newer equipment often has a varac¬ 
tor across the crystal to deviate the 
carrier. For owners of, these newer 
rigs K9LHA is designing a phase 
modulator which will allow the use of, 
his CMOS synthesizer; it will be pub¬ 
lished later this year in ham radio. 

Editor 

EI2W six-meter report 

Dear HR: 

EI2W commenced operations on 
the six-meter band on 20 October, 


1979, when VE1AVX was worked at 
1423 GMT. This report is for the 
period from 20 October to 20 Decem¬ 
ber, 1979 (inclusive). VE1AVX with 
1000 watts of power and an 11-ele¬ 
ment beam on a 30-foot (10 meter) 
boom has been the outstanding sig¬ 
nal on the band. 

EI2W has been using low power; a 
FT620B transceiver, kindly loaned by 
South Midlands Communications 
Limited, of Southampton, England; 
output about 10 watts. The beam 
used is a 3-element spaced 0.2 wave¬ 
length and a folded dipole driven 
element. During the two months' 
operation 1552 QSOs were made with 
approximately 600 different stations 
in all W/K call areas plus VE1, VE2, 
VE3, VE4, XE, KP4, and VP2 (Virgin 
Island). 

Activity has been much greater 
during this cycle than during the In¬ 
ternational Geophysical Year (IGY) 
1957/58. This has been due in some 
part to the use of SSB as against a-m 
during the IGY period. 

The best day's operation was on 
the 18th of November when 106 sta¬ 
tions were worked in all W call areas 
and VE1-2-3-4 and VO; very little fad¬ 
ing was noticed on that day. The 
highest recorded MUF at this station 
during the period under review was 
on December 15th when it rose to 
62.75. 

On December 11th K0SFH was 
worked in Kansas, the USA station 
only using 3 watts; his signal was R5, 
S7/8 in Dublin. 

A total of forty-three states have 
now been worked including Califor¬ 
nia, Nevada, and the Dakotas. Tests 
with a tilted antenna will be carried 
out during the middle of January with 
VE1AVX; this arrangement met with 
great sccess during the IGY. Informa¬ 
tion on propagation and F2 Layer 
working is being collected and a full 
report on the present cycle will be 
made later in 1980. 

H.L. Wilson, EI2W 
9 Haddington Lawn 
Glenageary, County Dublin 
Republic of Ireland 
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rotary-dial 

for digitally tuned 
transceivers 

An ingenious application 
of up/down counters 
and photo-detectors 
for continuous tuning 
using a single knob 

More and more ham equipment now uses digital 
synthesizers for frequency control. The usual meth¬ 
od for programming the synthesizer is with rotary or 
thumbwheel switches. Although this works well for 
channelized communications, such as that on the 2- 
meter fm band, it's cumbersome for continuous tun¬ 
ing, such as on the high-frequency bands. For con¬ 
tinuous tuning it's necessary to program the synthe¬ 
sizer indirectly, through an up/down counter. 

Tuning can then be done, for example, by using 
two pushbutton-operated pulse generators, one of 
which sends a slow series of pulses to make the 
counter count up, and the other to make it count 
down. Fast and slow pushbuttons can be added, or 
alternatively a joystick and variable-rate pulse gen¬ 
erator can be used to vary the tuning speed. Most of 
us, though, are used to tuning with a knob, and this 
is still about the most flexible method. In building a 
frequency-synthesized high-frequency transceiver, I 
couldn't find a readily available digital dial knob 
mechanism suitable for use with an up/down count¬ 
er, so I built my own. 

The mechanism I built is an improved version of 
that described by Earnshaw. 1 His readout consisted 
of a metal disk with holes punched in it through 
which two phototransistors viewed a small light bulb. 
By suitable placement of the detectors and with the 
appropriate logic circuitry, it was possible to gen¬ 
erate separate pulses as the shaft was rotated: one 
for each direction of rotation (how this works is dis¬ 
cussed in detail later). 


mechanism 

Since I needed at least a hundred pulses per shaft 
revolution, and didn't want to spend time drilling 
holes, I used photographic methods to generate 
"holes" in the disk. The new disk was made by con¬ 
tact-printing the computer-generated pattern shown 
in fig. 1 onto heavy graphic arts film.* Also, addi¬ 
tional CMOS logic circuitry was added to provide 
twice as many pulses per revolution as there are 
marks on the disk, as well as circuits to drive several 
types of counters. 

Instead of the phototransistors, photointerruptors 
specifically designed for this type of application were 
used. Given the mask, only simple tools and readily 
available parts are needed to duplicate this unit. It 
can be wired to give 50, 100, or 200 pulses per revolu¬ 
tion. 

A single photodetector can be used to indicate the 
shaft rotation rate, but not the direction. To tell the 
direction of rotation it's necessary to use a second 
. detector spaced one-fourth the mark-to-mark dis¬ 
tance (or an odd multiple thereof) from the first de¬ 
tector. To see how this works, consult fig. 2. In the 
position shown, both detectors sense a dark region 
(mark), which means that their outputs are at logic 0. 

Suppose the disk is moved to the left. As the mark 
goes past detector B, its output goes to 1. We will in¬ 
dicate this as A»B\ =L1; that is, if B changes from 
0 to 1 while A is 0, we generate a left-rotation pulse. 
As the shaft continues to rotate, A will go to 1 while 
B remains 1; we denote this A\*B = L2. Continuing, 
A will remain as 1 as B goes back to 0, denoted by 
A-Bl=L3; and finally we get l A>B = L4. We 
are now back to a position with both detectors over a 
mark, the way we started. Now consider moving the 
mask to the right. The sequence of transitions will 
be A\>B = R1, A*B\=R2, A\-B = R3, and 
A-Bl=R4. 

Although there are eight possible combinations of 
transitions from the center of one mark to the center 
of the next, it's not good practice to use both the 
turn-on and the turn-off transitions at the same posi- 

•Photo disks are available from the author for $1.00 each. Please send a 
self-addressed, stamped envelope. 


By Chet B. Opal, K3CU, 5414 Old Branch Ave¬ 
nue, Camp Springs, Maryland 20031 
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The assembled prototype mounted on an aluminum angle 
bracket for checkout and alignment. 


tion; the encoder might then be sensitive to vibration 
and electrical noise when the detector is at the very 
edge of a mark. Consequently, in the circuit de¬ 
scribed in this article, only four of the eight transi¬ 
tions are used: thus Ai-B is used but A\*B is not. 
As a result, there is a 1/4-mark backlash in the dial, 
but in practice this is not noticeable. 

The schematic of the circuit necessary to process 
the detector signals is shown in fig. 3.1 used GE type 
H21A5 interrupters, but Tl type TIXL45 and Monsanto 
type MCA8 should work as well (all these types use a 
photo-darlington detector transistor to avoid the 
need for an output amplifier). Because the opto- 
couplers have a gain of about 1/20, the load resistor 
on the output transistor should be about twenty 
times the value of the current-limiting resistor to the 
LED emitter. The values shown for these resistors 
(R1-R4) are for 5-volt operation; they should be in¬ 
creased in proportion if the circuit operating voltage 
is made higher (the circuit will work over the 3 to 15 
volt range). 

The outputs of the detectors are squared up by 
Schmitt triggers U1A and C, and the complements of 
these signals are generated in U1B and U1D. Thus A, 
A, B, and B signals are available from this gate. Type 
D flip-flops (U2 and U3) are used to sense the transi¬ 
tions from light to dark. U2A has B applied to its data 
(D) input and A applied to its clock input; it therefore 
clocks (in the notation used above) on A\>B = R1. 
(The flip-flop is reset later through the R input when 
B returns to 1.) 

As the flip-flop sets, Q goes to 0 and produces a 
negative-going pulse (with duration determined by 
Cl and R5) at pin 1 of NAND gate U4A. Similarly, 


U2B generates pulses at pin 2 of this gate on the 
A\‘B = R3 transition. Normally, both inputs of this 
gate are at 1, so its output is at 0. When either of its 
input pulses goes to 0, its output briefly goes to 1. 
This pulse is buffered and inverted by U3A to provide 
a negative-going TTL-compatible output pulse (dis¬ 
cussed further below). In similar fashion, pulses for 
the other direction are available at the U5B output. 
I've labeled these pulses CW and CCW, although de¬ 
pending on the mechanical arrangement, CW may 
actually produce pulses for counterclockwise rota¬ 
tion and vice versa. 

Not all up/down counters use separate up and 
down clock pulses; some use a "direction" (U/D) 
control signal and a single clock pulse. To generate 
signals compatible with these requirements, a flip- 
flop consisting of U4C and U4D is used. A negative¬ 
going pulse at pin 8 (the CCW pulse signal) sets this 
flip-flop, while a CW pulse resets it through pin 13. 
Both polarities of the direction signal are available at 
the outputs of this flip-flop ("CCW direction" and 
"CCW direction”). The two direction pulses are first 
combined by U5C, delayed by C5 and R9 to allow the 
direction control signal time to stabilize, and then 
buffered by U5D to produce a negative-going 
"either" pulse. 

construction 

A photo of the prototype digital dial is shown; it 


fig. 1. Optical mask used to encode shaft rotation (shown 
actual size). Inner set of marks generate 50 pulses per revo¬ 
lution; outer set 100 pulses per revolution. 
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fig. 2. Fields of view of the two optical detectors, A and B, 
spaced one-quarter the mark period. If the mask is rotated 
leftward, detector B will sense light before detector A; con¬ 
versely, if the mask is moved to the right, detector A will 
change first. The appropriate transitions are electronically 
processed to generate pulses indicating the extent and 
direction of rotation. 

was assembled on an aluminum angle bracket for 
checkout and alignment. The whole assembly was 
then mounted in the final enclosure. 

A method must be found to make the disk rigid 
and to mount it to the shaft. I resolved both problems 
by cementing the disk with epoxy to a large knob, 
slightly smaller in diameter than the mark pattern. 
For good adhesion, it helps to roughen the region on 
the disk and the knob where the cement will be with 
fine sandpaper (protect the rest of the disk with 
adhesive tape). The knob is then attached to a panel 


bearing, such as the Millen 10061; no doubt a satis¬ 
factory bearing could be salvaged from an old tuning 
drive, ten-turn pot, or something similar. 

The electronic circuitry and detectors are mounted 
on a small section of perforated fiberglass board. The 
detector mounting holes should be slotted to allow 
adjustment of their separation. The gap between the 
two interrupters should be about 1/16 inch (1.6 mm) 
for the 50-mark pattern and about 1/64 inch (0.4 
mm) for the 100-mark pattern. Point-to-point wire- 
wrap techniques were used for wiring. The board 
was mounted on the aluminum bracket with 1-inch 
(2.5-cm) aluminum stand-offs. 

alignment 

Alignment is not critical. Shaft height and knob 
position should be adjusted so that the disk always 
clears the interrupters but so that sector marks pass 
in front of the detectors at all shaft angles. 

Apply power and check with a scope or voltmeter 
that the A and B signals oscillate as the shaft is ro¬ 
tated. Check that the "direction" signal changes 
when the direction of rotation is reversed; if neces¬ 
sary, adjust the interrupter spacing until this signal is 
not erratic. Final fine tuning (which probably is not 
really necessary) is done by observing the "either" 
pulses with an oscilloscope while the knob is spun. 
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fig. 4. Examples of up/down counters that can be driven by 
the encoder. (A) shows an up/down counter with preset 
entry and an optional LED readout. The 74192 devices are 
highly recommended because of pinout compatibility with 
TTLand CMOS units, in (B) an up/down counter using a type 
CD 4510BE is shown, which is also compatible with the en¬ 
coder. Standard 1C power connections not shown. 

The interrupter spacing should be tweaked until 
these pulses are evenly spaced. 

applications 

The simplest use of this dial system is as a supple¬ 
ment to existing pushbutton-tuned systems that al¬ 
ready have an up/down counter. In this case it will 


be necessary only to merge the signals from the in¬ 
ternal pulse generator with those from the dial mech¬ 
anism. It may be possible to do this by simply adding 
a couple of diodes, although I have no direct experi¬ 
ence with such a modification. 

up/down counters 

Most applications 2 will require the addition of an 
up/down counter. The original thumbwheel or rotary 
switch wires are routed to the counter, and a push¬ 
button is added to initialize the counter to the set¬ 
tings on the switch dials. After that, tuning is with 
the shaft encoder. 

Fig. 4A shows a suitable up/down counter with 
preset entry and an optional LED readout, if the 
transceiver does not have one. The circuit uses 74192 
up/down counters, which are highly recommended 
because they are available as pin-compatible TTL 
(74192), low-power TTL (74L192) low-power Shottky 
TTL (74LS192), and CMOS (74C192). The logic type 
used should be the same as that in the synthesizer. 
The output of the dial electronics is compatible with 
all types. 

Some other counters, such as the CMOS 4510 and 
TTL 74168, use the direction and clock control signals 
as shown in fig. 4B. This type of counter often pre¬ 
sents multiple control signal and/or clock loads to 
the encoder, so buffers will be needed when using 
the encoder with non-CMOS units. 

additional remarks 

I've been using the prototype encoder to tune a 
5-5.5 MHz frequency-lock loop in an experimental 80 
and 20 meter receiver. I've tried 100-, 40-, 20-, and 
10-Hz tuning increments. To me, 100-Hz steps are in¬ 
tolerably coarse for CW work, 40-Hz steps are notice¬ 
able, but 20-Hz steps seem smooth enough. With 10- 
Hz increments, the 100-mark disk gives a leisurely 2- 
kHz/revolution tuning rate. Although the knob is 
easily spun for fast tuning (the only drag is in the 
panel bearing), pushbuttons for faster tuning would 
be nice. Those readers who use 100-Hz tuning incre¬ 
ments should use the 50-mark disk; if this gives tun¬ 
ing which is too fast, disable half the pulses by dis¬ 
connecting C2 and C4. 

I'd be pleased to correspond with anyone consid¬ 
ering use of the encoder and would appreciate re¬ 
ports on successful applications. I'd be most grateful 
for an SASE with all correspondence. 

references 

1. Lester Earnshaw, "Basicsof the Digital VFO — A Tunable Synthesizer,” 

2 Examples of equipment that could use the encoder are described by 
Earnshaw (op. cit ) and by Raymond C. Pettit, W7GHM, "Frequency Syn¬ 
thesized Local-Oscillator System for the High Frequency Amateur Bands," 
ham radio, October, 1978. pages 60-65. 
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I Yagi antenna design: 

optimizing 
performance 


Considerations for 
optimizing element length 
and position 
for maximum 
forward gain and 
front-to-back ratio 

Over the past two months I have explored the 
properties of simplistic Yagi-Uda antennas, i.e., an¬ 
tennas of a given boom length but having uniformly 
spaced elements one of which is a reflector, one of 
which a driver, and with director parasites all of uni¬ 
form length. 1 - 2 In real life, however, one is not re¬ 
stricted to the simplistic design; it is therefore inter¬ 
esting to examine a number of departures from the 
simplistic design to see if there are ways to further 
improve performance; in this and succeeding articles 
I shall attempt to explore a few ideas in a systematic 
way. It will soon be apparent that some of the depar¬ 
tures from the simplistic design produce only subtle 
changes in performance, while others are major de¬ 
partures which produce significant changes in per¬ 
formance. It is fortunate that the accuracy inherent 
in computation can show very subtle changes; these 
changes, though small, can usually be trusted al¬ 
though the absolute accuracy of the model on which 
computation is based may not be better than a few 
per cent. 

Departures from the simplistic design may be ac¬ 
complished in a number of ways, but primarily by 
allowing the lengths of the directors (hence their res¬ 


onant frequencies) to vary and by allowing the place¬ 
ment of the element(s) on the boom to change. Ad¬ 
ditionally, for a given boom and a given total number 
of elements, the number of reflectors (and hence di¬ 
rectors) can be changed. This is a much more drastic 
change, and produces more pronounced perform¬ 
ance variations. These changes will be analyzed in 
this and subsequent articles. Only free-space per¬ 
formance will be investigated at this time. 

I shall start with a "good" simplistic design (6-ele¬ 
ment Yagi on a boom 0.75 A 0 long), but will first 
change the lengths of all parasites to bring the center 
frequency of the desired 4 per cent band of maxi¬ 
mum gain to F = 1.0. Fig. 1 shows the main proper¬ 
ties of this test antenna and the required element 
lengths. Note that the position of maximum F/B ratio 
is somewhat lower IF = 0.988) than the gain band 
center (F = 1.0); fig. 2 shows the pattern of this an¬ 
tenna at band center (F = 1.0). 

There are two visible nulls, the first one (K = 1) 
occurs at 87° and the second IK = 2) at 144°. The 
second null can be identified with the peak in the F/B 
ratio occurring at F = 0.988; at this lower frequency 
the null (K = 2) moves out to 180°. This antenna 
can be operated at best gain over the band (F = 1.0) 
andcompromiseF/B(17dBatF = 1.0), or operated 
at the frequency of best F/B IF = 0.988, F/B = 38 
dB) and somewhat compromise the gain available. In 
either case this Yagi-Uda design seems to be a good 
one and I shall use it as a test case around which cer¬ 
tain departures from simplistic design can take place. 

Since we are interested in very subtle changes I 
show in table 1 the detailed performance in the re¬ 
gion of chief interest, accurately calculated for this 
antenna over the frequency range from F = 0.970 to 
F = 1.030. The driving point reactance at a given 
frequency is somewhat arbitrary; it can be easily 
shifted or offset by changing the length of the driven 
element. The length of the driven element, however, 
remains fixed (free space resonance = 1.0) through¬ 
out this series of explorations so that reactance 
changes can be properly sensed. 


By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 
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table 1. Computed performance characteristics of the 6- 
element Yagi over the frequency range from F = 0 970 to 

F = 1.0)0. 


frequency 

(FI 

0.970 

0.972 

0.974 

0.976 


0,990 

0.992 


0.998 

1.000 

1.002 

1.006 

1.008 

1.010 

1.012 

1.014 

1.016 

1.018 

1.020 

1.022 

1.024 

1.026 

1.028 

1.030 


F/B 

gain ratio 

(dBil IdB) 

10.058 12.928 

10.145 14.043 

10.225 15.279 

10.299 16.676 

10.369 18.298 

10.434 20.245 

10.495 22.700 

10.554 26.040 

10.608 31.184 

10.659 38.034 

10.706 31.810 

10.748 26.459 

10.785 23.044 

10.816 20.570 

10.841 18.634 

10.857 17.045 

10.864 15.693 

10.861 14.520 

10.847 13.485 

10.821 12.562 

10.782 11.731 

10.730 10.979 

10.665 10.296 

10.586 9.675 

10.495 9.112 

10.393 8.603 

10.281 8.148 

10.162 7.747 

10.038 7.401 

9.913 7.113 

9.790 6.889 


feedpoint 

resistance 

(ohms) 

24.677 

24.454 

24.190 

23.889 

23.559 

23.206 

22.463 
22.088 
21.723 
21.375 
21.055 
20.770 
20.531 
20.346 
20.227 
20.186 


20.668 

21.090 

21.679 

22.468 

23.496 

24.814 

26.489 

28.611 

31.301 

34.722 

39.097 

44.709 


feedpoint 

reactance 

(ohmsl 

-38.229 

-35.512 


-30.006 

-27.199 


-21.443 
-18.483 
-15.464 
-12.381 
-9.232 
- 6.016 
-2.732 
0.623 
4.050 
7.548 
11.131 
14.789 
18.525 
22.339 
26.232 


42.610 

46.889 

51.214 

55.542 

50.793 

63.809 

67.290 


If we keep the average value of the length(s) of the 
directors constant we can explore "linear" length 
tapers and "parabolic" tapers. I will define a linear 
taper as a uniform linear free-space resonant fre¬ 
quency progression from Dl to D4 keeping the 
average resonant frequency constant. In other 
words, the director resonant frequencies are linearly 
related to director position measured from the center 
of the director assembly (to keep the average value 
constant). Similarly, a "parabolic" taper is one in 
which the directors' free-space resonant frequencies 
are proportional to the square of the distance from 
the center of the director assembly, with the further 
condition that the average value of director reso¬ 
nance is held constant. If we define the change in 
resonant frequency of Dl as A, then with a total of 
four directors all other director resonances will 
change: 

Linear Parabolic 

Element Taper Taper 

Director 1 + A + A 

Director 2 + A/3 - A 

Director 3 - A/3 - A 

Director 4 -A +A 


The degree or magnitude of taper is fixed by the 
size of A; moreover, A can be chosen either as an in¬ 
crease or decrease in resonant frequency. 

I have selected and investigated six taper sched¬ 
ules which are delineated in table 2; as indicated, an¬ 
tenna performance in the critical region of interest 
are shown in tables 3 to 8. These results are to be 
compared with the simplistic design shown in table 1. 

Table 3 shows the results for a "-2 per cent" 
linear taper and it is obvious that all performance pa¬ 
rameters are virtually unchanged! Table 4 shows the 
results for a "-4 per cent" linear taper, and even in 
this rather extreme case performance is almost total¬ 
ly unchanged in the central frequency region! Re¬ 
member that for this case the free-space resonant 
frequency of Dl has dropped from 1.06 to 1.02 and it 
is easy to see that performance deteriorates at higher 
frequencies (Dl no longer behaves like a director). 
Nevertheless, it is remarkable that the linear taper — 
even of this magnitude — has virtually no effect on 
the performance of the Yagi-Uda antenna! 

Table 5 shows results for a - 2 per cent parabolic 
taper; tables 6, 7, and 8 show results for parabolic 
tapers of - 1, +1, and +2 per cent, respectively. In 
comparing these tables with the standard simplistic 
Yagi-Uda antenna we again see that truly minimal 
changes are made to the chief performance indices. 
The variations in maximum F/B ratios are not of great 
significance; I shall come back to this point later. 

Analogous to the length (and corresponding reso¬ 
nant frequency) taper variations I have also investi¬ 
gated element placement variations along the boom. 
Again it is possible to vary the space intervals be¬ 
tween elements linearly and pseudo parabolically. 
Table 9 shows element positions for six schedules I 
have investigated and the individual results are 
shown in tables 10 through 15. 

Table 10 shows the results where elements are 
crowded towards D4. Note that truly large changes 
in placement have been made! Similarly, table 13 
shows the results where elements are severely 
crowded towards the reflector. Tables 11 and 12 are 
intermediate schedules; tables 14 and 15 show re¬ 
sults where end spaces are (relatively) increased. 


table 2. Schedule of director lengths (X„) for the six 6-element Yagi- 
Uda performance characteristics listed in table 3 through table 8. 


table type 

5 Parabolic 

6 Parabolic 

7 Parabolic 

8 Parabolic 


Dir 1 

(V 

0.46341 

0.47306 

0.46341 

0.45873 

0.44964 

0.44524 


Dir 2 

A„) 

0.45719 

0.46028 

0.44524 

0.44964 

0.45873 

0.46341 


Dir3 

K> 

0.45263 

0.44817 

0.44524 

0.44964 

0.45873 

0.46341 


Dir4 

0.44524 

0.43667 

0.46341 

0.45873 

0.44964 

0.44524 


-2% 


-2% 

+ 1% 
+ 2% 
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FREQUENCY 


free space 

element length (Kg) resonance 

Reflector 0.50195 0.96 

Driven Element 0.48167 1.00 

Director 1 0.45414 1.06 

Director 2 0.45414 1.06 

Director 3 0.45414 1.06 

Director 4 0.45414 1.06 


fig. 1. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.7} K 0 . Note that the position 
of maximum F/B ratio {F = 0 988) is somewhat lower than 
the gain band center (F = 1.0). The pattern of this antenna 
at the band center is plotted in fig. 2. 


These tables all show that these placement variations 
have only a very minor effect on directivity or gain, 
and while the maximum F/B ratio is somewhat af¬ 
fected (generally adversely), we shall soon see that it 
may not be very significant. 

Up to this point we have looked at taper schedules 
which are linear and parabolic and which also involve 
director length, or resonant frequency, and element 
placement along the boom. It is truly remarkable that 
all of these schedules produce minimal changes in 
antenna performance; it is therefore plausible that 
combinations of these schedules will also produce 
minimal performance variations. This leads to the 
conclusion that the original simplistic design (dimen¬ 
sions listed in fig. 1) is just about as good as any. No 
real improvement on gain can be expected by any 
new tricky design; as far as F/B ratio is concerned, it 
will soon be apparent that you can "tune up" the 
maximum F/B ratio starting with almost any of these 
schedules. 

A summary of raw performance of all of these 


cases is shown in table 16, where, in addition to data 
already shown in the previous tables, information on 
pattern (not explicitly shown here) has been added. 
This table shows that all cases produce about the 
same gain; the very small variations are due to the ef¬ 
fective "illumination" pattern of the boom aperture. 2 
The F/B ratio at central gain frequency (F ~ 1.0) 
varies somewhat, but a very slight change in operat¬ 
ing frequency would easily make them all compara¬ 
ble. The frequency position of maximum F/B ratio 
and the angle of the second null at F = 1.0 are re¬ 
lated. Lower frequencies of maximum F/B should 
correspond (at central frequency) to longer effective 
boom illuminated apertures, thus corresponding to 
lower null angles at F = 1.0 and somewhat higher 
gain. An examination of table 16 shows all of these 
quantities to be well correlated; it appears therefore 
that all results are understood and self-consistent. 

From all of this information it is reasonable to draw 
a general conclusion that the simplistic Yagi design 
gives about as much gain as any other design off the 


table 3. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.75 K„, director lengths 
tapered linearly at -2 per cent (director lengths shown in 
table 21. 


frequency gain 

IF) (dBi) 

0.970 10.074 

0.972 10.160 

0.974 10.238 

0.976 10.309 

0.978 10.375 

0.960 10.435 

0.982 10.492 

0.984 10.544 

0.986 10.592 

0.988 10.635 

0.990 10.674 

0.992 10.708 

0.994 10.736 

0.996 10.758 

0.998 10.774 

1.000 10.781 

1.002 10.780 

1.004 10.770 

1.006 10.750 

1.008 10.720 

1.010 10.680 

1.012 10.629 

1.014 10.568 

1.016 10.497 

1.018 10.418 

1.020 10.331 

1.022 10.240 

1.024 10.145 

1.026 10.049 

1.028 9.954 

1.030 9.861 


F/B feedpoint feedpoint 

ratio resistance reactance 

(dB) (ohmsl (ohms) 

12.997 23.856 - 39.110 

14.083 23.636 - 36.425 

15.280 23.379 - 33.725 

16.622 23.089 - 31.003 

18.164 22.771 -28.250 

19.993 22.433 - 25.462 

22.262 22.082 - 22.634 

25.284 21.723 -19.762 

29.878 21.365 -16.843 

39.987 21,016 -13.876 

38.240 20.684 -10.859 

29.358 20.375 - 7.794 

25.064 20.099 - 4.679 

22.209 19.862 -1.516 

20.068 19.673 1.694 

18.356 19.542 4.948 

16.927 19.478 8.251 

15.706 19.491 11.594 

14.643 19.593 14.972 

13.705 19.796 18.381 

12.872 20.115 21.812 

12.128 20.567 25.259 

11.462 21.173 28.707 

10.869 21.960 32.141 

10.343 22.957 35.535 

9.884 24.203 38.851 

9.492 25.742 42.033 

9.171 27.623 44.991 

8.925 29.894 47.585 

8.764 32.572 49.596 

8.701 35.588 50.696 
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fig. 2. Radiation pattern of a 6-element Yagi beam on a 
0. If X n boom (only 180 degrees are shown). The pattern nulls 
occur at 87 and 144 degrees; the second null is correlated 
with the peak of F/B ratio at F = 0.988. 

same boom length. Tapering element lengths or ele¬ 
ment position intervals along the boom is of no ap¬ 
parent value. The characteristic of the directors 
which is important is the average length (or average 
free-space resonant frequency). But this conclusion 
has been demonstrated only for a boom length of 
0.75 we must be careful not to generalize too 
much. Recall that the NBS data (see fig. 7 of the NBS 
report 3 ) suggested that for booms longer than one 
wavelength some improvement in gain over simplis¬ 
tic Vagi-Uda performance could be obtained with 
particular director length schedules. My calculations 
support the NBS result; nevertheless, for boom 
lengths shorter than one wavelength the simplistic 
design is as good as any) 

It can be seen from table 16 that the best "null" 
[K - 2) positions give quite different values of maxi¬ 
mum F/B. Indeed, good nulls or correspondingly 
high values of F/B must be viewed as accidental vec¬ 
torial cancellations in the reverse or back direction; 
such good cancellations will not generally occur with 
any arbitrary boom illumination. Note that the vari¬ 
ous cases shown in table 16 display maximum F/B 
ratios ranging from 22 to 40 dB. It is an interesting 
exercise to see if there is some way to significantly 
enhance the maximum F/B ratio by some variational 
procedure. 

Let us start with the simplistic Yagi-Uda design 
(fig. 1) and vary the position of, say D3, along the 
boom. We now know that small variations in position 
will not significantly affect gain, but vectorial can¬ 
cellation effects in the back direction can be expect¬ 
ed to be significant. If we can find a position for D3 
which maximizes the F/B ratio, its vectorial contribu¬ 


tion in the back direction should be approximately 
out of phase with the residue from all other elements. 
At this point some other element (say Dl) can be 
positioned for a new (still higher) maximum F/B 
ratio; after this is done D3 can be readjusted again for 
a new maximum F/B ratio, etc. By iterating the two 
adjustments it should be possible to continuously im¬ 
prove F/B ratios, presumably to as high a value as 
desired! With such an iteration procedure it is de¬ 
sirable to start with a fairly good value of F/B so that 
only small variations in element position can have a 
significant effect. 

I have carried out such an iteration (using D3 and 
Dl) for the simplistic Yagi-Uda design and have ar¬ 
rived at the following positions: 


element X/X 0/ ) 

Reflector 0.000 

Driven Element 0.150 

Director 1 0.28967 

Director 2 0.450 

Director 3 0.58945 

Director 4 0.750 


table 4. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.7f \ D . director lengths 
tapered linearly at -4 per cent (director lengths shown in 
table 2 ). 


frequency gain 

(F) (d B i) 


F/B feedpoint feedpoint 

ratio resistance reactance 

(dB) (ohms) (ohms) 


0.970 

0.972 

0.974 

0.976 

0.978 

0.980 

0.982 

0.984 

0.986 

0.988 

0.990 

0.992 

0.994 

0.996 

0.998 

1.000 

1.002 

1.004 

1.006 

1.008 

1.010 

1.012 

1.014 

1.016 

1.018 

1.020 

1.022 

1.024 

1.026 

1.028 

1.030 


10.064 

10.152 

10.232 

10.305 

10.371 

10.432 

10.486 

10.535 

10.577 

10.613 

10.642 

10.663 

10.676 

10.679 

10.672 

10.654 

10.624 

10.580 

10.523 

10.452 

10.365 

10.264 

10.147 

10.013 

9.861 

9.689 

9.489 

9.252 

8.955 

8.562 

8.012 


13.741 

14.915 

16.225 

17.715 

19.458 

21.568 

24.235 

27.758 

31.908 

31.851 

27.723 

24.260 

21.650 

19.600 

17.921 

16.504 

15.276 

14.197 

13.237 

12.374 

11.594 

10.886 

10.242 

9.653 

9.115 

8.621 

8.159 

7.713 

7.252 

6.722 

6.025 


20.930 

20.598 

20.240 
19.860 
19.464 
19.058 
18.648 

18.241 
17.841 
17.456 
17.092 
16.755 
16.450 
16.183 
15.959 
15.785 
15.666 
15.607 
15.612 
15.687 
15.835 
16.058 
16.356 
16.721 
17.140 
17.578 
17.977 
18.235 
18.205 
17.715 
16.654 


-40.263 

-37.496 

-34.709 

-31.898 

-29.058 

-26.185 

-23.276 

-20.331 


-5.058 


7.677 

10.897 

14.115 

17.320 

20.498 

23.631 

26.698 

32.511 

35.181 

37.637 

39.849 

41.835 

43.715 

45.750 
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table 5. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.73 X„, director lengths 
tapered parabolically at -2 per cent (director lengths 
shown in table 2). 


frequency gain 

(F) (dBi) 

0.970 10.013 

0.972 10.112 

0.974 10.207 

0.976 10.298 

0.978 10.386 

0.980 10.471 

0.982 10.553 

0.984 10.632 

0.986 10.706 

0.988 10.776 

0.990 10.840 

0.992 10.897 

0.994 10.946 

0.996 10.986 

0.998 11.014 

1.000 11.030 

1.002 11.033 

1.004 11.021 

1.006 10.993 

1.008 10.950 

1.010 10.892 

1.012 10.820 

1.014 10.735 

1.016 10.641 

1.018 10.540 

1.020 10.436 

1.022 10.336 

1.024 10.243 

1.026 10.163 

1.028 10.104 

1.030 10.070 


F/B 

ratio 

(dB) 

16.381 

18.110 

20.196 

22.808 

26.155 

29.690 

29.326 

25.681 

22.446 

19.930 

17,920 

16.257 

14.841 

13.610 

12.522 

11.547 

10.662 

9.856 

9.120 


7.256 

6.737 

6.267 

5.846 

5.475 

5.157 

4.897 

4.702 

4.583 

4.555 


feedpoint feedpoint 

resistance reactance 

(ohms) (ohms) 

19.732 - 42.299 

19.184 - 39.363 

18.625 - 36.379 

18.063 - 33.345 

17.504 - 30.258 

16.954 - 27.117 

16.421 -23.921 

15.910 - 20.669 

15.428 -17.361 

14.980 -13.998 

14.572 -10.578 

14.211 -7.103 

13.903 - 3.573 

13.653 0.013 

13.469 3.655 

13.359 7.354 

13.332 11.124 

13.398 14.956 

13.570 18.854 

13.864 22.822 

14.299 26.865 

14.903 30.991 

15.709 35.208 

16.768 39.527 

18.148 43.959 

19.953 48.511 

22.337 53.182 

25.544 57.936 

29.962 62.653 

36.221 66.971 

45.262 69.868 


This design, optimized for maximum F/B ratio (at 
F = 0.990) produces the performance displayed in 
table 17. A careful comparison of this table with the 
original simplistic model shows virtually identical per¬ 
formance in all respects except that the F/B max¬ 
imum has gone up from an excellent 38 dB to an 
astounding 98 dB! Even this high value is not a real 
limit; it is limited only by the number of iterations 
which were made. 

Notice that these astronomical values of F/B are of 
no practical significance. It occurs at essentially a 
single frequency and its effective bandwidth be¬ 
comes vanishingly small. Moreover, extremely small 
variations in the Yagi-Uda dimensions will upset the 
cancellation; in practice you could not likely con¬ 
struct a mechanically satisfactory, fully optimized 
Yagi-Uda antenna. Nevertheless, the mathematical 
iteration shows that it is possible, in principle, to ob¬ 
tain (at a single frequency) an arbitrarily high F/B 
ratio. It is likely that there are a large number of po¬ 
tential solutions involving iterations with other ele¬ 
ments. Furthermore, we now know that the varia¬ 


tions in F/B maxima shown in table 16 result from 
the particular illumination chosen, and it is very likely 
that minor element placement variations could make 
an arbitrarily high F/B ratio design starting from any 
of the cases shown. 

To understand this iteration procedure it is helpful 
to show the vectorial contributions of each element 
to the forward and back waves. The (current) contri¬ 
bution from a given element will be a vector whose 
magnitude is the magnitude of element current and 
whose phase consists of two parts. The first part is 
the actual (time) phase of the element current re¬ 
ferred to some time origin (say the driver current) and 
the second is the (space) phase change due to the 
element position referred to some space origin (say 
at X = 0 along the boom). Note that this second 
part changes sign in going from a forward wave to a 
reverse wave! Fig. 3 shows these (current) vectorial 
contributions at F = 0.988 for the original simplistic 
Yagi-Uda design (fig. 1) to both forward and reverse 
waves. 


table 6. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.75 X a , director lengths 
tapered parabolically at - 1 per cent (director lengths 
shown in table 2). 


frequency 

(F) 

0.970 

0.974 


0.982 


0.994 


1.000 

1.002 

1.004 


1.010 

1.012 

1.014 

1.016 


1.024 


1.030 


F/B 

gain ratio 

(dBi) (dB) 
10.040 14.338 

10.132 15.667 

10.219 17.186 

10.300 18.973 

10.378 21.151 

10.463 23.931 

10.524 27.615 

10.592 31.590 

10.656 30.418 

10.717 26.254 

10.773 22.942 

10.824 20.432 

10.870 18.445 

10.908 16.807 

10.938 15.417 

10.959 14.209 

10.970 13.140 

10.969 12.183 

10.956 11.321 

10.930 10.538 

10.890 9.825 

10.838 9.173 

10.772 8.578 

10.694 8.035 

10.607 7.543 

10.512 7.101 

10.413 6.710 

10.312 6.372 

10.215 6.089 

10.126 5.869 

10.051 5.720 


feedpoint feedpoint 

resistance reactance 

(ohms) (ohms) 

22.533 - 40.493 

22.133 - 37.696 

21.704 - 34.863 

21.253 - 31.986 

20.787 - 29.060 

20.313 - 26.082 

19.839 - 23.048 

19.372 -19.956 

18.920 -16.804 

18.490 - 13.590 

18.089 -10.314 

17.725 - 6.975 

17.406 - 3.572 

17.138 -0.105 

16.932 3.427 

16.794 7.024 

16.736 10.700 

16.770 14.446 

16.909 18.265 

17.168 22.160 

17.568 26.133 

18.134 30.191 

18.896 34.338 

19.899 38.580 

21.198 42.922 

22.875 47.367 

25.041 51.906 

27.863 56.516 

31.585 61.122 

36.575 65.547 

43.373 69.362 
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element Yagi (boom = 0. 75 X„), forward and reverse waves. 


adjustments are usually minor and in practice cause 
little difficulty as long as you start with a reasonably 
small residual as shown in fig. 3. 

Fig. 4 shows the vectorial contributions for the op¬ 
timized Yagi-Uda beam. Note that the element con¬ 
tributions are only slightly modified in the optimiza¬ 
tion procedure. 

At this point I must issue a warning. Recall that the 
mathematical model being used in these computa¬ 
tions involves certain approximations. These approx¬ 
imations make relatively little difference in the calcu¬ 
lations for forward gain, but they become crucial in 
calculations involving vectorial cancellation or clos¬ 
ure for back radiation. Thus the explicitly calculated 
positions for and magnitude of a very high F/B ratio 
are not to be trusted. Nevertheless, the general be¬ 
havior is still valid. The real Yagi-Uda can still be 
made to have a high F/B ratio, just as our mathe¬ 
matical model shows, but it may occur at a slightly 
different frequency and it may require slightly differ¬ 
ent positions for D3 and D1 in the final optimization. 


Note that for the forward wave the individual ele¬ 
ment contributions do not all fully reinforce the for¬ 
ward wave; in fact, the contribution from the reflec¬ 
tor is even negative with respect to the final total 
(current) vector! This curious result is typical of all 
Yagi-Uda arrays. Note that the contributions to the 
back or reverse wave, in total, nearly cancel out, 
leaving only a small residue which accounts for the 
38 dB F/B ratio. Now it is easy to see conceptually 
what happens in the iterative procedure to reduce 
the backwave residual. 

If you look at the reverse wave vector plot, it is 
easy to imagine that as D3 is moved along the boom, 
the D3 vector rotates around its origin. The back- 
wave residual will then be changed along an axis at 
right angles to the D3 vector and can be minimized 
by the D3 position. After this is done another ele¬ 
ment, say Dl, can be moved along the boom; its vec¬ 
tor contribution is at a different angle and can there¬ 
fore reduce the residual still further. Thus, in princi¬ 
ple, iterative motions of two elements whose back- 
wave vectors contribute at different angles can ulti¬ 
mately reduce the backwave residual to as low a 
value as desired. 

The iterative convergence will be most rapid if the 
two element vectors are orthogonal; nevertheless, it 
can converge adequately for many element combina¬ 
tions. Of course, this conceptual picture is over¬ 
simplified; as any element is moved on the boom not 
only does its vector rotate, but all element currents 
and phases readjust somewhat. However, these re¬ 


table 7. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.7 5 X„, director lengths 
tapered parabolically at +1 per cent (director lengths 
shown in table 21. 


frequency gain 

(F| (dBi) 

0.970 10.066 

0.972 10.150 

0.974 10.225 

0.976 10.293 

0.978 10.355 

0.980 10.412 

0.982 10.465 

0.984 10.514 

0.986 10.558 

0.988 10.599 

0.990 10.635 

0.992 10.667 

0.994 10.693 

0.996 10.714 

0.998 10.727 

1.000 10.732 

1.002 10.728 

1.004 10.714 

1.006 10.688 

1.008 10.650 

1.010 10.597 

1.012 10.530 

1.014 10.448 

1.016 10.350 

1.018 10.237 

1.020 10.108 

1.022 9.965 

1.024 9.808 

1.026 9.640 

1.028 9.462 

1.030 9.277 


F/B feedpoint 

ratio resistance 

(dB) (ohms) 

11.872 26.168 

12.855 26.121 

13.922 26.025 

15.096 25.884 

16.414 25.702 

17.927 25.485 

19.720 25.240 

21.939 24.975 

24.879 24.699 

29.294 24.419 

38,438 24.147 

38.763 23.891 

29.441 23.663 

25.008 23.472 

22.079 23.330 

19.886 23.248 

18.127 23.244 

16.660 23.328 

15.401 23.519 

14.301 23.833 

13.325 24.293 

12.450 24.923 

11.661 25.755 

10.946 26.823 

10.296 28.174 

9.708 29.862 

9.177 31.956 

8.701 34.542 

8.280 37.723 

7.916 41.618 

7.613 46.355 


feedpoint 
reactance 
(ohms) 
-35.821 
-33.131 
-30.437 
-27.728 
-24.993 
-22.222 
-19.407 
-16.542 
-13.619 
- 10.635 
-7.584 
-4.463 


8.768 

12.280 

15.873 

19.547 

23.302 

27.136 

31.048 

35.033 


47.325 

51.463 

55.548 


63,148 

66.289 
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gain. After the boom length is chosen a resonant fre¬ 
quency schedule is chosen (see appropriate figures 
from the simplistic Yagi-Uda articles 1 - 2 ) for reflector 
and director(s); a preliminary calculation is then 
made to accurately determine the frequency of maxi¬ 
mum F/B ratio which will not necessarily correspond 
with the frequency at the center of the best gain por¬ 
tion. The useful band, however, is now to be cen¬ 
tered around the F/B point; it is necessary to insure 
that there is enough gain bandwidth left for the in¬ 
tended purpose. 

Remember that the overall gain bandwidth is basi¬ 
cally controlled by the resonant frequency schedule 
of the parasites. This bandwidth should not be larger 
than necessary, because gain is compromised some¬ 
what as the bandwidth increases. 

Now translate the frequency (FI) of best F/B to 
F = 1.0 by multiplying all parasite lengths by Fl; a 
new preliminary calculation, possibly iterated once 
more, will insure that the best F/B ratio is exactly 
F = 1.0. Next, alternately vary the X position of D3 


optimum design 

We now have the necessary tools with which to 
design truly excellent Yagi-Uda antennas. We start 
first from a knowledge that the boom length should 
be approximately an odd number of quarter wave¬ 
lengths for an initial simplistic design; we have seen 
that such a boom length promotes an inherently high 
F/B ratio at a frequency near the center of the best 
gain band; boom length also determines ultimate 



fig. 5. Current vectorial contributions of the D3-D1 optimized 
Yagi; forward wave, above, and reverse wave, below. 


table 8. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.75 director lengths 
tapered parabolically at +2 per cent (director lengths 
shown in table 2). 


frequency 

IF) 

0.970 

0.972 

0.974 

0.976 

0.978 


0.986 

0.988 

0.990 

0.992 


1.002 

1.004 


1.010 
1.012 
1.014 
1.016 
1.018 
1.020 
1.022 
1.02 4 
1.026 
1.028 
1.030 


F/B 

gain ratio 

(dBi) IdB) 

10.065 11.048 

10.145 11.945 

10.215 12.904 

10.277 13.942 

10.332 15.081 

10.382 16.353 

10.426 17.805 

10.465 19.507 

10.500 21.575 

10.530 24.216 

10.555 27.812 

10.575 32.685 

10.588 33.646 

10.594 28.730 

10.592 24.844 

10.581 22.026 

10.559 19.844 

10.525 18.071 

10.476 16.576 

10.412 15.281 

10.330 14.139 

10.228 13.116 

10.106 12.189 

9.962 11.341 

9.794 10.559 

9.602 9.835 

9.384 9.161 

9.140 8.530 

8.870 7.938 

8.570 7.378 

8.241 6.846 


feedpoint feedpoint 

resistance reactance 

(ohms) (ohms) 

27.104 - 33.539 

27.202 - 30.843 

27.249 - 28.160 

27.243 - 25.474 

27.187 -22.775 

27.086 - 20.051 

26.944 -17.289 

26.770 -14.482 

26.572 -11.621 

26.358 - 8.697 

26.138 - 5.704 

25.924 - 2.637 

25.725 0.508 

25.555 3.736 

25.424 7.050 

25.348 10.453 

25.342 13.954 

25.421 17.548 

25.602 21.236 

25.902 25.017 

26.345 28.891 

26.954 32.855 

27.756 36.904 

28.786 41.032 

30.080 45.228 

31.684 49.473 

33.649 53.741 

36.034 57.993 

38.907 62.169 

42.337 66.185 

46.394 69.921 


24 BS july 1980 




table 9. Schedule of director placement on boom (\,) for the six 6-element 
Yagi-Uda performance characteristics listed in table 10 through table 15. 

taper element position on boom (X„) 

table type Refl DR D1 D2 D3 D4 

10 Linear 0 0.200 0.3750 0.5250 0.650 0.750 

11 Linear 0 0.175 0.3375 0.4875 0.625 0.750 

12 Linear 0 0.125 0.2625 0.4125 0.575 0.750 

13 Linear 0 0.100 0.2250 0.3750 0.500 0.750 

14 Parabolic 0 0.200 0.3167 0.4333 0.550 0.750 

15 Parabolic 0 0.175 0.3083 0.4417 0.575 0.750 


and then D1 to get larger and larger values of F/B at 
F = 1.0 until the value is sufficiently high. 

design example 

An example will illustrate this design procedure. 
For example, let's choose a boom length of 0.780 
From an inspection of the results of our test Yagi- 
Uda simplistic design (fig. 1) we can probably use 
the same parasite resonant frequency schedule and 
still obtain an adequate ultimate gain bandwidth per¬ 


formance. Listed below are the initial element posi¬ 
tions along the boom: 

initial intermediate 

element XQ-„) length^ length (K 0 ) 

Reflector 0.000 0.50195 0.49343 

Driven El 0.156 0.48167 0.48167 

Director 1 0.312 0.45414 0.44643 

Director 2 0.468 0.45414 0.44643 

Director 3 0.624 0.45414 0.44643 

Director 4 0.780 0.45414 0.44643 
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Initial performance of this Yagi-Uda model is shown 
in table 18; the frequency for maximum F/B is 
F = 0.984. Shortening all elements by approximate¬ 
ly this frequency factor yields the intermediate design 
also shown above. Performance for this intermediate 
design is shown in table 19. Note that since all 
lengths were not scaled (boom not scaled), this inter¬ 
mediate Yagi-Uda is not really quite the same as our 
starting model; the maximum F/B ratio has, in fact, 
fallen to 27 dB. However, this is of no concern; it is 
now time to iteratively vary D3 and D1 positions to 
"tune up" the F/B ratio. Alternatively, if our concept 
of optimization is correct, iterative variations of D3 
and DR could also tune up the F/B ratio. I have car¬ 
ried out both iterations and the resulting optimized 
Yagi parameters are as shown: 


element 
Reflector 
Driven El 


length (K„) 
0.49343 
0.48167 
0.44643 


D3-D1 opt 
XfX„> 
0.000 
0.156 
0.291564 


D3-DR opt 

0.000 

0.175595 

0.312 


Director 2 0.44643 0.468 0.468 

Director 3 0.44643 0.64075 0.6328873 

Director 4 0.44643 0.780 0.780 

Performance of this D3-D1 optimized antenna is 
shown in table 20; it is nearly the same as that of the 
intermediate design (table 19) except that the F/B 
ratio atF= 1.0 has gone up from 27 dB to an astro¬ 
nomical 120 dB! Similarly, the performance for the 
D3-DR optimized antenna is shown in table 21. 
Again an astounding F/B ratio figure is achieved; 
moreover, the newer optimized beam performance is 
essentially identical with that of the first optimized 
model! 

It is instructive to examine the final vector contri¬ 
butions to forward and reverse waves; fig. 5 shows 
such a plot for the D3-D1 optimized Yagi-Uda and 
fig. 6 a similar plot for the D3-DR optimized model. 
Note that they look similar, differing only in minute 
details. Incidentally, it is noteworthy that the reverse 
plots show vectorial contributions going around the 


table 12. Performance characteristics of a 6-element Vagi 
beam with a boom length of 0.73 X 0 , director spacing 
tapered linearly as shown in table 9 (mild negative linear 
interval). 


table 13. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.73 X 0 . director spacing 
tapered linearly with the elements crowded toward the 
reflector (large negative interval taper). 


frequency gain 

(F) <d Bi) 

0.970 9.877 

0.972 10.024 

0.974 10.155 

0.976 10.271 

0.978 10.375 

0.980 10.468 

0.982 10.552 

0.984 10.627 

0.986 10.694 

0.988 10.753 

0.990 10.805 

0.992 10.849 

0.994 10.885 

0.996 10.913 

0.998 10.932 

1.000 10.942 

1.002 10.943 

1.004 10.934 

1.006 10,914 

1.008 10.884 

1.010 10.843 

1.012 10.793 

1.014 10.733 

1.016 10.664 

1.018 10.588 

1.020 10.507 

1.022 10.422 

1.024 10.336 

1.026 10.252 

1.028 10.171 

1.030 10.098 


F/B feedpoint 

ratio resistance 

(dB) (ohms) 

11.719 17.840 

12.962 17.848 

14.333 17.848 

15.879 17.838 

17.669 17.821 

19.823 17.800 

22.556 17.777 

26.310 17.758 

31.942 17.750 

34.618 17.757 

28.634 17.788 

24.386 17.851 

21.483 17.956 

19.314 18.111 

17.592 18.328 

16.170 18.622 

14.958 19.011 

13.909 19.511 

12.989 20.145 

12.173 20.939 

11.445 21.930 

10.795 23.158 

10.213 24.682 

9.694 26.572 

9.236 28.926 

8.836 31.868 

8.495 35.562 

8.216 40.211 

8.001 46.034 

7.857 53.178 

7.795 61.476 


feedpoint 

reactance 

(ohms) 

-41.204 

-38.079 

-34.966 

-31.856 


-25.615 
-22.470 
-19.300 
-16.100 
-12.865 
-9.590 
-6.272 
- 2.905 
0.512 
3.984 
7.513 
11.116 
14.783 
18.516 
22.317 
26.185 
30.117 
34.104 
38 128 
42.152 
46 112 
49 886 
53 254 
55.818 
56.886 
55.329 


frequency gain 
(F) (dBi) 

0.970 9.271 

0.972 9.569 

0.974 9.823 

0.976 10.040 

0.978 10.225 

0.980 10.383 

0.982 10.517 

0.984 10.631 

0.986 10.727 

0.988 10.807 

0.990 10.673 

0.992 10.925 

0.994 10.964 

0.996 10.992 

0.998 11.009 

1.000 11.014 

1.002 11.010 

1.004 10.995 

1.006 10.971 

1.008 10.939 

1.010 10.899 

1.012 10.852 

1.014 10.800 

1.016 10.744 

1.018 10.686 

1.020 10.627 

1.022 10.571 

1.024 10.518 

1.026 10.472 

1.028 10.435 

1.030 10.408 


F/B feedpoint 

ratio resistance 

(dB) (ohms) 

8.830 11.990 

10.190 12.078 

11.648 12.199 

13.240 12.349 

15.016 12.523 

17.045 12.720 

19.420 12.940 

22.216 13.185 

25.165 13.458 

26.553 13.764 

24.901 14.109 

22.296 14.501 

19.998 14.950 

18.123 15.468 

16.585 16.071 

15.299 16.776 

14.210 17.609 

13.272 18.595 

12.455 19.768 

11.741 21.173 

11.114 22.864 

10.564 24.916 

10.085 27.420 

9.674 30.495 

9.326 34.284 

9.044 38.945 

8.829 44.607 

8.685 51.240 

8.620 58.368 

8.643 64.591 

8.770 67,340 


feedpoint 

reactance 

(ohms) 

-47.108 

-43.541 

-40.009 

-36.506 


-26.112 


-19.209 


9.241 

12.963 

16.728 

20.528 

24.352 

28.172 

31.940 

35.570 

38.911 

41.704 

43.505 

43.611 

41.024 

34.749 

24.792 
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clock twice corresponding to the K = 2 null which 
we have constructed. 

There is one final point worth mentioning. An ex¬ 
amination of tables 1, 20, and 21 reveals that the fre¬ 
quency for the best F/B ratio is not generally quite 
the same as the frequency center of the gain band¬ 
width. It is offset by an amount which depends only 
on the boom length. This offset is of small impor¬ 
tance as long as the gain bandwidth is large enough; 
it is nevertheless possible to empirically measure the 
offset frequency as a function of boom length. Let us 
fix the frequency of best F/B ratio as F = 1.0, and 
designate the frequency of (central) best gain (4 per 
cent BW) as Fq (Offset frequency = Fq — 1.0); em¬ 
pirical results are shown in fig. 7. 

Note that if the boom length is 0.63 X 0 the offset 
disappears. For booms shorter than this value the 
offset is negative, and for booms longer than 0.63 X 0 
the offset is positive. But it is clearly possible to de¬ 
sign a satisfactory Yagi over a considerable range of 
boom lengths without incurring an offset which is 
comparable to the bandwidth itself; it is only neces- 

table 14. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0.75 \ a , director spacing 
tapered pseudo parabolically according to the schedule of 
table 9 (large positive interval). 

F/B feedpoint feedpoint 
frequency gain ratio resistance reactance 

(F) (d Bi) (dB) (ohms) (ohms) 

0.970 10.248 15.471 33.711 -34.346 

0.972 10.301 16.499 33.381 -31.789 

0.974 10.350 17.639 33.016 - 29.188 

0.976 10.398 18.923 32.623 - 26.535 

0.978 10.442 20.389 32.209 - 23.924 

0.980 10.485 22.087 31.780 - 21.049 

0.982 10.526 24.059 31.344 -18.204 

0.984 10.564 26.253 30.909 - 15.284 

0.986 10.600 28.196 30.485 -12.285 

0.988 10.634 28.611 30.079 - 9.203 

0.990 10.664 27.043 29.703 - 6.034 

0.992 10.691 24.764 29.366 - 2.774 

0.994 10.714 22.595 29.079 0.580 

0.996 10.731 20.705 28.855 4.033 

0.998 10.743 19.071 28.707 7.588 

1.000 10.749 17.645 28.651 11.250 

1.002 10.747 16.388 28.706 15.021 

1.004 10.736 15.262 28.891 18.909 

1.006 10.716 14.243 29.228 22.918 

1.008 10.685 13.312 29.746 27.056 

1.010 10.643 12.457 30.482 31.330 

1.012 10.588 11.667 31.479 35.747 

1.014 10.522 10.935 32.794 40.313 

1.016 10.442 10.254 34.504 45.035 

1.018 10.350 9.621 36.705 49.912 

1.020 10.247 9.033 39.535 54 935 

1.022 10.132 8.488 43.177 60.072 

1.024 10.009 7.986 47.893 65.246 

1.026 9.879 7 526 54.045 70.288 

1.028 9.745 7.109 62.141 74.841 

1.030 9.611 6.739 72.838 78.159 



fig. 6. Current vector contributions for the D3 DR optimized 
Yagi beam. 


table 16. Performance characteristics of a 6-element Yagi 
beam with a boom length of 0 75 \ a , director spacing 
tapered pseudo parabolically according to the schedule of 
tab)e9(mild positive interval). 

F/B feedpoint feedpoint 
frequency gain ratio resistance reactance 

(F) (d B i) (dB) (ohms) (ohms) 

0.970 10.195 13.965 30.953 - 35.247 

0.972 10.257 14.993 30.705 - 32.716 

0.974 10.315 16.131 30.412 - 30.152 

0.976 10.369 17.412 30.079 - 27.546 

0.978 10.420 18.888 29.713 - 24.890 

0.980 10.469 20.636 29.322 - 22.177 

0.982 10.515 22.792 28.915 -19.400 

0.964 10 558 25.606 28.500 -16.556 

0.966 10.599 29.598 28.086 -13.639 

0.988 10.637 35.381 27.683 -10.646 

0.990 10.673 34.817 27.302 - 7.573 

0.992 10.704 29.112 26.952 - 4.419 

0.994 10.732 25.234 26.645 -1.182 

0.996 10.755 22.471 26.391 2.142 

0.998 10.772 20.342 26.203 5.563 

1.000 10.782 18.610 26.096 9.053 

1.002 10.785 17.148 26.086 12.658 

1.004 10.780 15.884 26.190 16.356 

1.006 10.765 14.770 26.428 20.151 

1.006 10.740 13.777 26.823 24.044 

1.010 10 704 12.882 27.405 28.036 

1.012 10 655 12.069 28.209 32.129 

1.014 10.595 11.328 29.282 36.321 

1.016 10.522 10.652 30.680 40.609 

1.018 10.437 10.033 32.481 44.961 

1.020 10.341 9.470 34.781 49.413 

1.022 10 236 8 959 37.715 53.861 

1.024 10 123 8.501 41.468 58.239 

1.026 10.004 8.096 46.283 62.379 

1.028 9.882 7.747 52.474 65.967 

1.030 9.761 7.458 60.408 68.405 
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fig. 7. Plot illustrating frequency ratio for best central gain 
to best F/B. Note that frequency offset disappears for a 
boom length of 0.61 


sary to take this offset into account in fixing the or¬ 
iginal bandwidth over which gain must be high. From 
a gain consideration alone the longer booms are 
best; that is why the example I used for illustrative 
purposes had a boom of 0.78 X 0 . 

number of reflectors 


shall compare the cases where the number of reflec¬ 
tors is zero, on (our test standard), two, and three. 
Fig. 8 shows frequency-swept gain curves for all four 
cases; the curves are keyed to the legend on the dia¬ 
gram. Severe resonance effects are noticed near the 
free-space resonances of the reflector ( FR = 0.96) 
and the directors (FR = 1.06); these resonances, 
however, were purposely spread far enough to allow 
the 4 per cent band of interest to display a good gain 
figure. 

The highest curve (curve 1) displays gain for the 
standard .simplistic Vagi-Uda (same as fig. 1) and it is 
clearly the best performer. The zero reflector case 
(curve 0) yields substantially less gain in the region of 
interest; it also contains no resonance effect at the 
reflector frequency, because there is no reflector. 
The two- and three-reflector cases (curves 2 and 3) 
show progressive loss of gain over the original stan¬ 
dard; the reason is to be found in the much lower 
currents induced in the additional reflectors. 

Shown below are the reflector currents when the 
driver is excited by one ampere at the central fre¬ 
quency (F = 1.0): 


It is interesting to consider a major change in pos¬ 
sible Yagi-Uda antenna design: to explore the effect 
of changing the number of reflectors in a Yagi-Uda 
array. Up to this point we have assumed only a single 
reflector with a variable number of directors. It is 
tempting to consider increasing the number of reflec¬ 
tors in the hope of a significant improvement in the 
average F/B ratio over the entire bandwidth to be 
used. This question is now easily explored. I shall as¬ 
sume that the simplistic test Yagi-Uda of fig. 1 will 
be our standard. To keep conditions other than the 
number of reflectors as constant as possible I shall 
keep the total boom length constant at 0.75 \ ot and 
the total number of parasites constant at five. We 


table 16. Performance comparison of 6-element Yagi beams with 
varying director lengths and element positions along the boom 
shows little gain variation. 


table gain (dBil 

1 10.857 

3 10.781 

4 10.654 

5 11.030 

6 10,959 

7 10.732 

8 10.581 

10 10.587 

11 10,747 

12 10.942 

13 11.014 

14 10.749 

15 10.782 


F/B (dB) F/B 

17.04 38.03 

18.36 39.99 

16.50 31.91 

11.55 29.69 

14.21 31.59 

19.89 38.70 

22.03 33.64 

18.32 22.19 

17.88 27.21 

16.17 34.62 

15.30 26.55 

17.65 28.61 

18.61 35.38 


at resist 

freq (ohmsl 

0.988 20.23 

0.988 19.54 

0.986 15.79 

0.980 13.36 

0.984 16.79 

0.992 23.25 

0.994 25.35 

0.992 24.43 

0.990 22.02 

0.988 18.62 

0.988 16.78 

0.988 28.65 

0.988 26.10 


angle 
K = 2 
null 


138 

138 

141 

150 

153 

150 

147 

141 

138 

147 


magnitude of reflector current 
number of lamps) 

reflectors 1 2 3 

1 0.477 

2 0.043 0.538 

3 0.031 0.046 0.626 

Note that the reflector next to the driver has substan¬ 
tial current while all other drivers are hardly excited at 
all. Thus where there are multiple reflectors, the ef- 



fig. 8. Gain of a 6-element Vagi beam vs. number of reflec¬ 
tors. overall number of elements held constant. 
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table 17. Performance vs frequency characteristics of a 6- 
element Yagi beam with a boom length of 0 .75 X u . element 
positions optimized for maximum F/B ratio (at F = 0 990). 


frequency gain 

(F) (dBi) 

0.960 9.482 

0.962 9.631 

0.964 9.762 

0.966 9.877 

0.968 9.980 

0.970 10.072 

0.972 10.154 

0.974 10.229 

0.976 10.298 

0.978 10.361 

0.980 10.420 

0.982 10.476 

0.984 10.528 

0.986 10.576 

0.988 10.621 

0.990 10.663 

0.992 10.701 

0.994 10.734 

0.996 10.762 

0.998 10.785 

1.000 10.801 

1.002 10.810 

1.004 10.810 

1.006 10.800 

1.008 10.781 

1.010 10.750 

1.012 10.707 

1.014 10.653 

1.016 10.587 

1.018 10.509 

1.020 10.421 

1.022 10.324 

1.024 10.219 

1.026 10.109 

1.028 9.996 

1.030 9.884 

1.032 9.776 

1.034 9.675 

1.036 9,585 

1.038 9.507 

1.040 9.442 


F/B feedpoint 

ratio resistance 

(dB) (ohms) 

8.066 26.753 

8.848 26.922 

9.661 27.057 

10.512 27.150 

11.410 27.195 

12.366 27.189 

13.397 27.133 

14.523 27.029 

15.773 26.881 

17.191 26.695 

18.843 26.476 

20.839 26.235 

23.386 25.980 

26.947 25.720 

33.001 25.467 

98 800 25.230 

33.035 25.021 

27.029 24.852 

23.517 24.735 

21.024 24.685 

19.090 24.716 

17.505 24.845 

16.165 25.094 

15.008 25.486 

13.990 26.049 

13.086 26.817 

12.277 27.833 

11.549 29.153 

10.893 30.847 

10.303 33.009 

9.775 35.761 

9.307 39.263 

8.900 43.721 

8.555 49.385 

8.276 56.488 

8.069 65.091 

7.943 74.616 

7.912 82.965 

7.994 85.869 

8.216 79.043 

8.618 63.459 


feedpoint 

reactance 

(ohms) 

-50.678 

-47.892 

-45.159 

-42.467 

- 39.803 
-37.154 

- 34.507 
-31.849 
-29.169 
-26.458 
-23.705 
-20.903 
-18.044 
-15.124 
-12.137 

-9.078 


-2.737 

0.551 

3.920 

7.372 

10.919 

14.554 

18.276 

22.087 

25.985 

29.965 

34.021 

38.136 

42.280 

46.397 

50.385 

54.062 

57.097 

58.439 

54.170 

44.366 

28.942 

12.212 

1.471 


fective boom length is shortened and we therefore 
should expect the gain to fall appreciably. Fig. 9 
shows the F/B ratio for these same four cases. Clear- 
fey the standard Yagi-Uda antenna (curve 1) is superi¬ 
or to the zero reflector case (curve 0). In the two-re¬ 
flector case (curve 2) the peak of maximum F/B (cor¬ 
responding to the K = 2 null) has moved significant¬ 
ly higher in frequency. We have already learned that 
this occurs when the effective boom length is re¬ 
duced (in this case by the relatively ineffective first 
reflector). This effect is exaggerated in the three-re¬ 
flector case (curve 3) where the effective boom is still 
shorter due to the first two relatively ineffective re¬ 
flectors. 


Thus we now see that there is a very good reason 
why a Yagi-Uda should contain one and only one re¬ 
flector in the linear boom array; one is definitely 
needed to improve the gain and F/B. More than one 
reflector reduces the effective boom length and there¬ 
fore gain; also, because of the relatively small cur¬ 
rents induced in the extra reflectors, they do very lit¬ 
tle to the basic Yagi-Uda F/B ratio potential. 

missing parasites 

A common observation among Amateurs who 
have had large Yagi-Uda antennas in operation over 
a period of time is that when a parasitic element is 
broken or even entirely missing the Yagi continues to 
perform surprisingly welI. We may now examine quan¬ 
titatively just what occurs; for comparison I shall use 
the same 6-element simplistic Yagi-Uda design of 
fig. 1 

When a parasite is missing, the individual element 
currents all readjust to new values; such a readjust¬ 
ment changes the effective boom illumination func¬ 
tion and therefore must cause a change in Yagi-Uda 
antenna performance. Starting with the standard 6- 


table 18. Initial performance characteristics of the 6-element 
Yagi discussed in the text (boom length = o. 78 \„). 


frequency gain 

IF) (dBi) 


F/B feedpoint feedpoint 

ratio resistance reactance 

(dB) (ohms) (ohms) 


0.970 10.198 14.828 

0.972 10.292 16.185 

0.974 10.379 17.740 

0.976 10.460 19.570 

0.978 10.535 21.802 

0.980 10.606 24.640 

0.982 10.671 28.327 

0.984 10.732 31.831 

0.986 10.787 30.198 

0.988 10,837 26.307 

0.990 10.881 23.196 

0.992 10.918 20.814 

0.994 10.947 18.917 

0.996 10.969 17.352 

0.998 10.981 16.024 

1.000 10.983 14.873 

1.002 10.975 13.860 

1.004 10.955 12.959 

1.006 10.924 12.149 

1.008 10.881 11.419 

1.010 10.825 10.756 

1.012 10.757 10.156 

1.014 10.679 9.612 

1.016 10.590 9.121 

1.018 10.492 8.681 

1.020 10.387 8.293 

1.022 10.278 7.956 

1.024 10.167 7.674 

1.026 10.056 7.449 

1.028 9.949 7.288 

1.030 9.850 7.200 


23.551 - 35.790 

23.337 - 32.860 

23.107 - 29.906 

22.866 - 26.920 

22.618 - 23.898 

22.369 - 20.835 

22.126 -17.725 

21.895 -14.566 

21.685 -11.353 

21.501 -8.085 

21.354 - 4.758 

21.252 -1.371 

21.204 2.078 

21.221 5.591 

21.314 9.170 

21.498 12.815 

21.786 16.528 

22.197 20.309 

22.751 24.159 

23.473 28.076 

24.395 32.058 

25.553 36.100 

26.997 40.193 

28.787 44.320 

31.003 48.451 

33.747 52.534 

37.152 56.479 

41.383 60.131 

46.637 63.216 

53.114 65.264 

60.879 65.480 
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table 19. Performance characteristics of the intermediate 
design 6-element Yagi described in the text; maximum F/B 


frequency 

(F) 

0.970 

0.972 

0.974 

0.976 

0.978 


0.984 


0.990 

0.992 


1.000 

1.002 

1.004 

1.006 

1.008 

1.010 

1.012 

1.014 

1.016 


1.022 


1.030 


IdBi) 

9.077 

9.271 

9.447 

9.609 

9.757 

9.892 

10.016 

10.130 

10.236 

10.333 

10.424 

10.509 

10.587 

10.660 

10.727 

10.789 

10.845 

10.894 

10.938 

10.974 

11.002 

11.022 

11.033 

11.034 

11.025 

11.005 

10.974 

10.931 

10.877 

10.813 

10.738 


F/B feedpoint feedpoint 

ratio resistance reactance 

IdB) (ohms) (ohms) 

7.614 24.286 - 40.497 

8.371 24.167 -37.504 

9.162 24.048 - 34.535 

9.994 23.925 - 31.583 

10.874 23.794 - 28.645 

11.812 23.652 - 25.715 

12.821 23.498 - 22.786 

13.916 23.332 -19.852 

15.120 23.154 -16.907 

16.461 22.966 -13.946 

17.978 22.772 -10.962 

19.718 22.574 - 7.950 

21.730 22.377 - 4.906 

24.001 22.187 -1.825 

26.186 22.007 1.297 

27.120 21.846 4.464 

25.947 21.709 7.677 

23.789 21.603 10,941 

21.658 21.537 14.257 

19.805 21.518 17.627 

18.221 21.556 21.054 

16.859 21.662 24.539 

15.672 21.846 28.083 

14.627 22.123 31.687 

13.695 22.506 35.352 

12.860 23.015 39.077 

12.106 23.669 42.863 

11.422 24.493 46.706 

10.800 25.518 50.604 

10.234 26.784 54.552 

9.721 28.337 58.533 


element simplistic design, I have made calculations 
of performance when one parasite is missing. Fre¬ 
quency swept plots of gain and F/B ratio are shown 
in figs. 10 and 11; the individual curves are keyed to 
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fig. 9. Front-to-back ratio vs. the number of reflector ele¬ 
ments for a 6-element Yagi beam. 


the legend in the diagram. Note that there is still sig¬ 
nificant gain displayed for any of the cases. 

The greatest loss in performance occurs when the 
reflector, R, is missing; this, of course, is analogous 
to the previously discussed zero reflector case but 
now with a shorter (residual) effective boom. The 
most surprising aspect of fig. 10 is the small but real 
increase in gain occasioned by the loss of D3. This 
can only be understood if the readjustment element 
currents constitute an effective boom illumination 
function slightly longer than that for the fully popu¬ 
lated beam; in this event we would expect the fre¬ 
quency for maximum F/B to be lower than that for 
the standard case. Fig. 11 shows this to be true. For 
all other cases of missing parasites the frequency of 
maximum F/B is increased, indicating a shortened 
effective boom length and hence lowered gain. The 
lowered gain is verified in fig. 10. 

Thus a missing parasite is not always disastrous. 
However, if you look at the performance at the fre¬ 
quency of best F/B, the original fully populated Yagi- 
Uda is best. 


table 20. Performance of the 6-element Yagi where the posi¬ 
tions of directors D1 and D) have been varied to "tune up" 
the F/B ratio. 


frequency gain 
IF) IdBi) 

0.970 9.064 

0.972 9.235 

0.974 9.390 

0.976 9.532 

0.978 9.662 

0.980 9.781 

0.982 9.890 

0.984 9.992 

0.986 10.087 

0.988 10.177 

0.990 10.261 

0.992 10.342 

0.994 10.418 

0.996 10.491 

0.998 10.561 

1.000 10.627 

1.002 10.690 

1.004 10.749 

1.006 10.804 

1.008 10.853 

1.010 10.898 

1.012 10.935 

1.014 10.966 

1.016 10.989 

1.018 11.003 

1.020 11.008 

1.022 11.002 

1.024 10.986 

1.026 10.958 

1.028 10.919 

1.030 10.868 


F/B feedpoint 

ratio resistance 

IdB) (ohms) 

7.989 27.181 

8.747 27.090 

9.541 26,981 

10.378 26.850 

11.266 26.694 

12.217 26.511 

13.246 26.302 

14.373 26.069 

15.629 25.813 

17.054 25.539 

18.715 25.252 

20.723 24.957 

23.284 24.659 

26.860 24.366 

32.929 24.083 

119.848 23.819 

33.007 23.580 

27.018 23.375 

23.524 23.212 

21.049 23.100 

19.133 23.050 

17.569 23.072 

16.249 23.181 

15.109 23.386 

14.107 23.707 

13.214 24.166 

12.412 24.787 

11.686 25.602 

11.026 26.645 

10.425 27.969 

9.876 29.634 


feedpoint 

reactance 

(ohms) 


-34.704 


-26.391 

-23.601 


-15.070 


-6.178 

-3.112 

0.010 

3.192 

6.437 

9.746 

13.123 

16.570 

20.089 

23.684 

27.358 

31.113 

34.952 

38.876 

42.889 

46.990 

51.180 

55.447 
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fig. 10. Forward gain of a 6-elemant Yagi showing perform¬ 
ance when one element is missing. F/B under similar condi¬ 
tions is plotted in fig. 11. 

It is now apparent that a Yagi-Uda antenna really 
"wants to work." Even major changes, such as a 
missing inner director, due to automatically readjust¬ 
ed element currents, works surprisingly well. It is 
now perfectly obvious why the Yagi-Uda antenna is 
so popular: it will provide reasonable performance no 
matter how it is constructed. It will provide top per¬ 
formance, especially in the F/B ratio, only if carefully 
made in accordance with the design rules presented 
in this article, 
summary 

In this article I have explored the effects of depar¬ 
tures from the simplistic design previously given. The 
results show: 


table 21. Parformance of the 6-element Yagi where the posi¬ 
tions of the driven element IDR) and director (ZJ5) have been 
optimized through computer iteration. 


frequency gain 

IF) IdBil 

0.970 9.432 

0.972 9.554 

0.974 9.667 

0.976 9.770 

0.978 9.866 

0.980 9.955 

0.982 10.039 

0.984 10.118 

0.986 10.193 

0.988 10.265 

0.990 10.334 

0.992 10.401 

0.994 10.465 

0.996 10.528 

0.998 10.588 

1.000 10.646 

1.002 10.701 

1.004 10.754 

1.006 10.803 

1.008 10.848 

1.010 10.888 

1.012 10.922 

1.014 10.950 

1.016 10.970 

1.018 10.982 

1.020 10.984 

1.022 10.976 

1.024 10.957 

1.026 10.927 

1.028 10.885 

1.030 10.831 


F/B feedpoint 

ratio resistance 

IdBI (ohms) 

9.225 31.638 

9.938 31.476 

10.688 31.276 

11.483 31.037 

12.331 30.758 

13.243 30.441 

14.234 30.089 

15.325 29.704 

16.545 29.294 

17.936 28.862 

19.565 28.414 

21.540 27.955 

24.069 27.493 

27.615 27.035 

33.654 26.587 

150.334 26.157 

33.673 25.751 

27.655 25.379 

24.132 25.048 

21.629 24.766 

19.684 24.543 

18.092 24.388 

16.744 24.312 

15.574 24.327 

14.542 24.448 

13.620 24.690 

12.788 25.072 

12.033 25.618 

11.342 26.355 

10.710 27.317 

10.131 28.544 


feedpoint 
reactance 
(ohms) 
-40.673 
-38.105 
- 35.547 
-32.990 
-30.427 
-27.848 
-25.246 
-22.613 
-19.943 
-17.229 
-14.466 
-11.651 
-8.779 
-5.846 


3.334 

6.528 

9.792 

13.126 

16.533 

20.014 

23.569 

27.201 

30.910 

34.698 

38.566 

42.515 

46.545 

50.658 

54.849 


1. Director length taper schedules have no apparent 
beneficial effect on gain or F/B for boom lengths 
smaller than one wavelength. The important design 
parameter is the average director length — not the 
taper schedule. 

2. Element placement schedules on the boom also 
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fig. 11. Front-to-back ratio of a 6-element Yagi showing the 
effect of a missing element. Forward gain under similar con¬ 
ditions is shown in fig. 10. 


have a marginal effect on gain or F/B for boom 
lengths less than one wavelength. 

3. The simplistic design is as good as any design for 
boom lengths less than one wavelength. 

4. A Yagi-Uda linear array on a given boom is best 
when it involves one and only one reflector element. 

5. The F/B ratio at a given design frequency can, in 
principle, be increased without limit by iterative de¬ 
sign procedure. 

6. Very high values of F/B will be available only over 
very narrow bandwidths. 

7. The Yagi-Uda antenna is basically very tolerant of 
major faults. Even missing parasitic elements cause 
surprisingly little deterioration in gain. 
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checking 
transmission lines 

with time-domain 
reflectometry 


Most hams are familiar with the frequency-domain 
reflectometer, commonly known as the SWR bridge. 
In its various forms, this device can report the status 
of a transmission line under operating conditions at a 
single frequency (that of the transmitter — one fre¬ 
quency at a time). It shows the reflection coefficient, 
or SWR, depending on the scales employed. But if 
something is amiss (high SWR), the operator can't 
tell either the exact nature of the problem or its loca¬ 
tion. Both shorted and open lines will give the same 
reading regardless of length. Time-consuming tests 
may be required to localize the fault to the antenna, 
the transmission line itself, or the connectors. For as 
simple a test as continuity/absence of shorts, climb¬ 
ing the tower (in winter, yet) may even be required to 
disconnect the antenna and gain access to the dis¬ 
tant terminals of the line. 

An alternative approach, time-domain reflectome¬ 
try, permits all measurements to be made in armchair 
comfort at the station end of the line. It can reveal 
the presence of open or short circuits or excessive re¬ 
sistance in the line. Additionally, the location of the 
problem can be determined, often within a foot or 
two, without going outside. The idea is not new but 
is not widely published in the Amateur literature. 

time domain reflectometry 

Here's the principle. A step of voltage is applied to 
the end of the line by a square-wave generator or 
pulse generator. The pulse has a very fast rise time. 
Initially the generator sees only the characteristic im¬ 
pedance, Zg, of the line, which determines the cur¬ 
rent according to Ohm's law. 

When the pulse reaches a discontinuity in the line 
(such as a break, high resistance, short circuit, or the 
end), it is reflected, or absorbed, or a combination of 
the two. The amount and phase of reflection are de¬ 
termined by the impedance of the discontinuity. Any 


reflected current travels back to the generator where 
it combines with the outgoing current to produce a 
resultant. The generator, if mismatched, will cause a 
second reflection, and so on, until the pulse dies 
away due to line attenuation. 

Now if we connect an oscilloscope across the gen¬ 
erator terminals (in the station) we'll see (if the sweep 
rate is right) the initial voltage step (a in fig. 1A), the 
resultant voltage caused by the sum of reflected and 
incident voltages (b), and so on for each stage in the 
reflection process. We'll see these reflections in real 
time as they occur (hence the name of the tech¬ 
nique). 

The time required for the first reflected pulse to 
return (</ in the figure) is twice the travel time for 
signals in the line. Thus: 

„ = (D 

where i j is the line length, V is the velocity factor,* 
and C is the speed of light, 3«10 8 meters/sec.). Of 
course if the line is resistively terminated in Z 0 , no re¬ 
flection occurs, and the generator waveform will be 
unmodified byreturning pulses (fig. 1G). 

Multiple reflections can be seen under favorable 
circumstances, such as when two types of line are 
connected in series, or a lossy connector is used. The 
nature of a resonant antenna can even be determined 
when the resonant frequency is within the oscillo¬ 
scope bandpass. 

•The apparent velocity factors seen by this technique seem to be lower 
than those published. Thus foam dielectric cables typically showed a 
V = 0.6-0 7 vs the 0.8 found in the handbooks. This may be partly due to 

perhaps V is a function of frequency. 


By Carl D. Gregory, K8CG, 203 Trappers 
Place, Charleston, West Virginia 25314 
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in series. G shows a properly terminated line of any length. H shows the effect of no load (open-circuit generator 


instrumentation 

The apparatus for a practical setup is shown in fig. 
2. To get sharp reflections the scope must have a 
wide bandwidth and the pulse or square-wave gener¬ 
ator must have a fast rise time. My 15-MHz scope 
gives quite good results with lines of about 10 feet (3 
meters) or more in length. TTL logic oscillators are 
quite good as generators if buffered or padded to 50 
ohms. The scope calibrator can sometimes be used. 
Repetition rate (square-wave frequency) is slow 
enough to let the reflections die away after each 
pulse, but fast enough to give a good bright trace on 
the scope (typically 100 kHz-1 MHz). When testing 
real antennas, the voltage level should be kept to a 
minimum to avoid QRM. The minimum will be deter¬ 
mined by the scope sensitivity. 


A transformer is needed when using lines other 
than 50 ohms. For 300-ohm line (TV twinlead), a sim¬ 
ple transformer on a FT-82-43 toroid worked well 
(primary, 50 ohms, 28 turns, secondary, 300 ohms, 
43 turns). This transformer passes the frequencies in¬ 
volved (100 kHz-15 MHz) quite well, appearing trans¬ 
parent to the pulses. However, other baluns, match¬ 
ing devices, or transformers are not usually designed 
for this frequency range, so they will usually appear 
to be near short or open circuits, depending on their 
dc characteristics. 

test patterns 

A number of typical patterns are shown in fig. 1 
using the test setup of fig. 2. Figs. 1A-C show the 
effect of termination on a single length of line. Note 


table 1. Data for determining line length and resistance parameters for responses shown in fig. 1. 


figure feet (meters) 

1A 34.0 (10.5) 

IB 34.0 (10.5) 

1C 34.0 (10.5) 

ID 6.6 (2.0) 

IE 6.6 (2.0) 

IF 6.6 (2.0) 

1G (note 21 

1H 0 


2 length Z D ' 

feet (meters) (ohms) 

0 

0 

0 

34 (10.5) 50 

34 (10.5) 50 

34 (10.5) 75 

0 
0 


100 

100 

0 


1. Termination was a 10-25-20 meter trap dipole. Note superposition of 14 and 2t MHz oscillations giving - 140 ns period (7 MHz 

2. Any length. 2m and 10.5m were tried, using a dummy load. 


0 


50 
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mOREFEATURES 
FRUIR 
HLUHHGE! 



with exclusive Dual-Speed Control! 

For antennas up to 10.7 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment—10,000 
in.-lbs. (side-thrust overturning); Starting torque — 400 in.- 
Ibs.; Hardened steel drive gears; Bearings -100-%" diam¬ 
eter (hardened); Meter — D'Arsonval, taut band (back¬ 
lighted). There’s much, much more — so get the whole story! 



Mail this coupon for complete details! 

VC A| □ Send me complete details on the HD-73! 
1 bu! □ Give me the name of my nearest dealer! 


The ALLIANCE Manufacturing Co, Inc., Alliance, Ohio44S01 


of moderate length (10 feet or 3 meters). R is adjustable to 
vary the generator output level. Notation corresponds to 
table 1. 

that the trap dipole (no balun) is nearly an open cir¬ 
cuit. In all three cases, the same length is obtained, 
within the accuracy of the scope time base. Table 1 
provides line lengths and impedance terminations for 
the time-domain reflectograms in fig. 1. 

Figs. 1D-E show the effect of a series resistance at 
an intermediate point (such as a corroded connec¬ 
tor). Note that in E, the properly terminated line looks 
like a pure resistance. Thus the effective length is l, 
and the effective termination is 150 ohms. 

Fig. IF shows what happens when two lines of dif¬ 
fering Zo are connected in series. The impedance 
bump shows clearly. And finally, fig. 1G shows a 
properly terminated line of any length. Fig. 1H is in¬ 
cluded to show that the voltages in the other cases 
are reduced from the generator open-circuit output, 
since the 50 ohms of the transmission line/load are in 
parallel with the generator output impedance, 
closing comments 

Since the technique is based on a step function, it 
covers the bandwidth from dc to 7/(rise time of 
scope or generator). Thus it's not suited for critical 
vhf applications except to show the location of a 
gross defect, such as a short circuit in the line. 
Neither will it tell much about the steady-state 
characteristics of an antenna at a fixed frequency. 
For this you need an impedance bridge or SWR 
meter. But when something goes wrong, it's sure 
nice to know exactly where — and time-domain re- 
flectometry gives the answer to that. 
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open quad antenna 


An interesting 
approach to 
quad antenna design 
using phased radiators 

In this article I describe a novel approach to the 
classic two-element quad antenna. I call it the "open 
quad." The designs described are for the Amateur 
144- and 432-MHz bands, but they can be scaled for 
lower-frequency bands. 

design approach 

In this design I've used the regular driven element 
and reflector of the quad and have added director 
elements in the form of V and inverted V elements in 
a quasi-Yagi configuration. Fig. 1 shows the general 
idea, and fig. 2 shows the physical arrangement for a 
10-element array for the 432-MHz band. Note that 
the parasitic elements are aligned with the two points 
of maximum current. Note also that the ends of the 
directors have been bent horizontally for a short dis¬ 
tance. (This modification might be more useful for a 
larger antenna.) 


advantages 

The advantages of the open quad over the classic 
quad or Yagi derive not from any revolutionary con¬ 
cept, but rather from an attempt to combine the ad¬ 
vantages of both designs: 

1. Easier adjustment of the quad reflector for better 
front-to-back ratio. 

2. Easier excitation of the driven element because of 
relatively higher impedance at the feed point. 

3. Absence of feeders allows the exact phase of ex¬ 
citation, for top and bottom parasitic element. 

4. High Qof director elements will increase gain. 

5. Double V configuration makes for a collinear ef¬ 
fect, which lowers the vertical radiation angle. 

6. Possibility of eventually inserting a smaller anten¬ 
na for operation on more than one band. 

open quad for 432 MHz 

In this design I attempted to duplicate the 13- 
element two-meter antenna described in reference 1. 
It is reproduced here in proportional scale. (I lacked a 
boom long enough for 13 elements.) Its characteris¬ 
tics include the following points: 


By Lanfranco Ratti, I2RR, P.0. Box 82, 20017 
Rho (Mi), Italy 
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'Open quad for the high-frequency bands based on the prin¬ 
ciples discussed in the text. 


1. Forward gain: 17 dBd 

2. Front-to-back ratio: 28 dB 

3. Front-to-side ratio: 46 dB 

4. Feedpoint impedance: 100 ohms 

construction dimensions 

I made the element lengths as follows for 432 
MHz: 

radiator: 27.9 inches (70.8 cm) 
reflector: 29.7 inches (75.4 cm) 
directors: 13.4 inches (34.0 cm) per 
element (two required for each director) 

Element spacing for the 432-MHz quad was as 
follows: 

reflector-to-radiator: 3.7 inches (9.5 cm) 
radiator-to-director 1: 2 inches (5.5 cm) 
director 1 to 2: 2.3 inches (6 cm) 

director 2 to 3: 2.3 inches (6 cm) 

director 3 to 4: 5.3 inches (13.5 cm) 

The remaining directors were spaced 10 inches 
(26 cm). 

The boom is about 6.4 feet (2 meters) long and 




fig. 1. Design approach for the open quad antenna using 
two phased driven elements, with directors in the form of 
Vs and inverted Vs in a quasi-Yagi configuration. 


made of fiberglass; the quad is fed with a 50-ohm 
coax cable and a 75-ohm quarter-wave matching 
section. 

open quad for 144 MHz 

In this design I tried to achieve the desirable effect 
of two phased radiators spaced one-quarter wave¬ 
length apart. It's a well-known fact that maximum 
energy transfer between two antennas is a function 
of their spacing. The exact spacing follows a se¬ 
quence of minimum and maximum current occurring 
at one-quarter wavelength between the two anten¬ 
nas. Tests have shown that an open quad with two 
in-line radiators, properly phased, will produce a 



signal not less than 0.7 times the maximum obtain¬ 
able with the radiators spaced at the ideal distance. 

Characteristics of the 144-MHz open quad are: 

Forward gain: 15dB/d 

Front-to-back ratio: 24dB 
Front-to-side ratio: 40 d B 

Input impedance: 50 ohms 

construction 

I made the elements from aluminum tubing 0.2 
inch (5 mm) in diameter. The boom was of fiberglass, 
as for the 432-MHz antenna. (The fiberglass boom 
was necessary to arrange one or more antennas 
across the boom of my high-frequency antenna.) 

The matching section for the two radiators used 
lengths of 93-ohm coax cable (RG-62/U). The phas¬ 
ing line to the first (rearmost) radiator element was 6 
inches (15 cm): that to the second radiator was 22 
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XF-910 

Introducing the new 2-pole 9 MHz Crystal Filter. 

The XF-910 crystal filler has been designed lor use In modem re¬ 
ceiver IF systems using I.C. amplifiers. It Is used between the IF 
amplifier and detector stages to suppress wideband I.C. noise 
and prevent noise overload of the detector. 


The XF910 can also be used In place of ceramic filters and tu 
circuits In simple receivers when superior selectivity o' 
XF9-B Is not required. Price $15.95 plus shipping. 


SPECIFICATION XF 
Center Frequency 


9.0MHz Ultimate attenuation >40.0dB 
- " ■ " 6000 ohms 

gXcan 


15.0 kHz Terml 


<0.5 dB Mechanical 3-lead Hr 


1296 MHz EQUIPMENT 
Announcing the now 1296 MHz units 
by Microwave Modules. 


TRANSVERTERS FOR ATV 
OSCARS 7,8 & PHASE 3 

Transverlers by Microwave Modules and other manufacturers can convert yo 
existing Low Band rig to operate on Ihe VHP & UHF bands. Models at: 
- ... to 70cm and lor ATV operators Irom Ch2/Ch3 lo — 


■-m f o w 


Attention owners ol Ibe original MMI432-28 models: Updale your Iransverter 
to operate OSCAR B & PHASE 3 by adding Ihe 434 to 436 MHz range. Mod kit 
Including full instructions S26.60 plus $1.50 shipping, etc. 
ANTENNAS (FOB CONCORD. VIA UPS) 

144-148 MHz J-SLOTS 

8 0VER8 HORIZONTAL POL.+12.3 dBd D8/2M S55.95 

8 BY 8 VERTICAL POL. D8/2M-VERT. $85.60 

8 + 8 TWIST \-Jf 8XY/2M *57.75 


48 EL. GAIN +15.7dBd 70/MBM48 S85.50 

88 EL. GAIN + 18.5dBd 70/MBM88 $89.95 

UHF LOOP YAGIS 

28 LOOPS GAIN + 20 dBI 50-ohm, Type N Connector 

1250-1340 MHz 1296-LY 8 ft. boom $59.70 

1650-1750 MHz 1691-LY_ 6 It. boom $64.70 



Spectrum 
I International, Inc. 
it Office Box 1084 
Mass. 01742, USA 



Author's seven-element open quad for the 2-meter band. 


inches (56 cm). This matching section provided the 
proper phase shift between each radiator element for 
the energy transfer described above. The junction of 
these lines was soldered to a 50-ohm feedline. 

Element lengths for 144 MHz were: 


reflector: 6.98 feet (2.13 meters) 
radiators: 7.40 feet (2.25 meters) 
directors: 3.35 feet (1.02 meters) 
each part 

Element spacing for the 144-MHz antenna was: 
reflector to radiator 1: 11 inches (27.9 cm) 

radiator 1 to radiator 2: 
radiator 2 to director 1: 
director 1 to director 2: 
director 3 to director 4: 

I tested a new, improved version using ten ele¬ 
ments on a 13-foot (4-meter) boom with results bet¬ 
ter than those of the big commercial antennas used 
in Europe, 
open quad for 
10,15, and 20 meters 
It should be an easy matter to add one or two 
"open" directors to an existing high-frequency quad. 
I recommend the following spacing: 


20 inches (51 cm) 
8.2 inches (21 cm) 
8.2 inches (21 cm) 
15.75 inches (40 cm) 


reflector to radiator: 0.14X 
radiator to director 1: 0.12X 


on-the-alr tests 

I tested the high-frequency open quad shown in 
the photo with a station 20 miles (32 km) away with 
the following results: 

Direct line to station: S9+10dB 

180 degrees from station: S3 
90 degrees from station: signal audible but 
not readable 

concluding remarks 

The open quad can surely be improved, both from 
a mechanical and electrical standpoint, by someone 
with more sophisticated and precise instrumentation. 
I shall be glad to correspond with anyone wishing 
more information. 

reference 


1. William Orr. W6SAI. The Radio Handbc 
Indianapolis. 1969. 


If. 18th edition, Howard Sams. 
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microwave-frequency converter 


for vhf counters 

Theory and construction 
of a frequency scaler 
that can be used 
to convert 500-2500 MHz 
to frequencies acceptable 
to a 500-MHz counter 

Measuring frequency accurately to 500 MHz is in¬ 
expensive and easy today. Several good 500-MHz 
counters are available for about $100.00. These are 
of little value to the microwave experimenter, how¬ 
ever, whose world is just beginning at 500 MHz. For 
lower-frequency microwave measurements, up to 
2500 MHz or so, a good counter will set you back 
$1000 or more. 

This article describes a heterodyne frequency con¬ 
verter that will convert frequencies from 500-2500 
MHz to below 500 MHz, enabling you to use your 
500-MHz counter for microwave measurements. De¬ 
pending on your resourcefulness at pleading with 
your local manufacturers' representatives to supply 


you with a few key parts, your parts cost will be 
anywhere from nothing to $100.00. Construction 
techniques should be followed closely unless you're 
familiar with uhf construction practices. 

theory 

The heart of this project is a double-balanced 
mixer, the Engelmann Microwave MLP-101 (see fig. 
6). I recommend it because of its low cost — $35.00. 
Neglecting third- and higher-order products, a 
balanced mixer output spectrum contains two fre¬ 
quencies — F rf + R lo and F rf - Flo as in tifif- 1 

For our purposes, F rf - F L q will be the spectral 
component of interest since it translates an unknown 
radio frequency to a 0-500 MHz i-f by a known LO 
frequency: in this case 1000 or 2000 MHz. This 
makes your present counter direct reading in the 
lower two Amateur microwave bands, 1215 - 1300 
MHz and 2300 - 2450 MHz, by simply mentally add¬ 
ing a 1 or a 2 in front of the displayed frequency, de¬ 
pending on the LO frequency you choose. To gain an 
overview of how the local-oscillator signal is gener¬ 
ated, see fig. 2. 

Local oscillator. The local oscillator string consists 
of a 1-MHz crystal reference frequency oscillator, a 
phase-locked-loop, X500 frequency multiplier stage, 
and two frequency-doubler stages. The 1-MHz refer¬ 
ence oscillator is a conventional CMOS inverter using 
a parallel-resonant crystal. The loop phase detector is 
a 4046 CMOS 1C using the sample-and-hold phase de¬ 
tector. All other stages are fairly conventional with a 


By David R. Pacholok, KA9BYI, 437 North 
Crystal, Elgin, Illinois 60120 
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The heterodyne scaler in operation. Oscillator frequency 
measured 2450.72 MHz. 


few exceptions. The loop filter is a two-pole design 
as opposed to the usual single-pole variety. The sec¬ 
ond pole resides in the "Spurrie filter" (see fig. 2). Its 
purpose is to attenuate unwanted phase-detector 
outputs (N x / MHz), which would otherwise fre¬ 
quency modulate the VCO, producing sidebands at 
500 ± 1, 2, 3 ... MHz. As it stands, all such refer¬ 
ence frequency spurs are at least 50 dB down from 
the 500-MHz fundamental. 

Frequency multipliers. The frequency doublers 
may seem a bit unusual to some at first glance. This 
is because uhf transistor frequency multipliers don't 
operate in the same way as their high-frequency 
counterparts. High-frequency multipliers operate on 
the principle of reduced conduction angle (60°-120°) 
collector-current pulses containing large quantities of 
harmonics, which may be filtered by a high-Q tank 
circuit to yield the desired harmonic output. Alas, 
very few transistors can switch fast enough to pro¬ 
vide low conduction angles at 1000 MHz. Rise stor¬ 
age and fall times preclude operation as a conduc¬ 
tion-angle-based frequency multiplier above a few 
hundred MHz or so. 

Fortunately, a thoughtful electron god has in¬ 
cluded other nonlinearities into transistors that make 
them useful frequency multipliers. The most impor¬ 
tant of these is the varactor effect in the collector- 
base (C-B) junction. (See fig. 3 for a general expla¬ 
nation of how vacactor multipliers work.) 

Transistor-varactor-effect frequency multipliers 
must do three things simultaneously: 1) they must 
amplify the input frequency, 2) they must apply this 
amplified F IN efficiently to their own C-B junction for 


frequency multiplication, and 3) they must extract 
and filter the desired harmonic from the C-B junc¬ 
tion. 

analysis 

The circuit of fig. 4 shows how to accomplish the 
objectives outlined above. To be a good F/^ ampli¬ 
fier, the transistor's conjugate input impedance must 
be matched; in this case to a 50-ohm input. From 
Z-parameter data, the transistor's input is 
Z = 13 + jl4 at 1 GHz. This translates into a 
parallel-equivalent conductance of about 0.04-0.04B. 
Since Mho = 1/ohm, the transistor looks like a 25- 
ohm resistor in parallel with a 25-ohm inductor. My 
input-matching strategy is to cancel the 25-ohm in¬ 
ductance with a parallel 25-ohm capacitive reactance 
(LN2), leaving only the 25-ohm resistance. A quarter- 
wave impedance transformer, LN1, ofZ 0 = 35 ohms 
converts 25 ohms resistive into 50 ohms resistive im¬ 
pedance. 

Z„ = V Z, n Z 0 vt = V 50 x 25 = 35 ohms (1) 

The 25-ohm capacitive reactance was especially 
chosen, however. It consists of an eighth wave¬ 
length, at F 0 IN, of Z 0 = 25-ohm line open circuited 
at the far end. At 2F n IN, the desired output frequen¬ 
cy, it is a quarter-wave open-circuited line and there¬ 
fore an effective 2F 0 IN short circuit. 

This line shorts the transistor base to ground at 
2FqIN, meaning that 2F 0 IN energy can flow from the 
transistor C-B junction to the 2F 0 IN filter without dis¬ 
sipating in the resistive B-E junction. This 2F 0 IN trap 
greatly improves frequency-doubler efficiency. 

On the collector side of the frequency doubler, 
LI Cl form an "Fp//V idler." This tank circuit is rough¬ 
ly analogous to the sine-wave current source in fig. 
3. Note that when properly adjusted, LI Cl are not 
series resonant at F 0 IN. (Series resonance would 
short-circuit the F 0 IN source, leaving no energy for 
the current source to drive F 0 IN through the varactor 
to generate harmonics.) Instead, the series combina¬ 
tion of Cl and Ccb (average value) and LI are parallel 
resonant to provide a high circulating F 0 IN current 



fig. 1. The heart of the heterodyne frequency scaler is a 
double-balanced mixer. The spectral component of interest 
is - I'),,, which makes your frequency counter direct 
reading in the lower two Amateur microwave bands. 
1215-1300 MHz and 2300-2450 MHz. 
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Front panel of the heterodyne scaler. 


through Cge, where harmonic generation occurs. 

LN3, in conjunction with C2, forms a half-wave¬ 
length line, high-Q output filter tuned to 2FqIN. The 
ratio of C2 to C3 allows for input and output matching. 

The broadband amplifier (Qamp in fig. 6) makes 
up for the 7-dB loss in the mixer, giving the frequen¬ 
cy converter as good or better sensitivity than the 
counter with which it's used. 


The only part you may have difficulty obtaining in¬ 
expensively {or for free) is the 2500-MHz double- 
balanced mixer. The most inexpensive suitable unit 
I've found is the MLP101 (or MLF101) made by 
Engelmann Microwave; it cost me $35.00. 

The 1-MHz crystal should be of time-base quality, 
as its frequency is multiplied by 2000 on the convert¬ 
er high-MHz range. If your counter has a 1-MHz time 
base, you can omit the crystal. 

The 0.032-inch (0.8-mm) Teflon/glass double¬ 
sided board specified for this project may be ob¬ 
tained from Oak Laminates. Cincinnati Millacron 
polyester glass board (Milliclad R ) is a very good, in¬ 
expensive substitute for the TFE glass but is only 
available in 0.062-inch (1.6-mm) double-sided board. 
Its dielectric constant is a function of frequency, and 
some experimentation will be necessary to make it 
work, except as indicated in fig. 5. 



fig. 2. Heterodyne frequency scaler block diagram. Local-oscillator string consists of a 1-MHz crystal reference frequency oscil¬ 
lator, a phase-locked x 500 frequency multiplier, and two frequency doublers. The varacter effect in the frequency-multiplier 
transistors is used for efficient frequency multiplication in the Gigahertz region. 


Amplifier gain is 10 dB ± 1.5 dB between 5-500 
MHz. Try to obtain an SKC0175 for this stage, as any 
other device probably won't work too well without 
extensive circuit mods. The broadband amplifier can 
be omitted at some loss (about 10 dB) of scaler sen¬ 
sitivity. 

obtaining parts 

The only nonstandard parts used in the converter 
(fig. 6) are transistors QD1, QD2, the Plessy 
SP631B, and of course the MLP101 double-balanced 
mixer 1C. Possible substitutes for the Texas Instru¬ 
ments SKC0175 (QD1) are the 2N5770 and the 


2N3866. Possible substitutes for QD2, a Solid State 
Microwave SD1544, are the 2N5108 and the 
MRF8009. The Plessy SP631B may be replaced by 
any ECL 500-MHz divide-by-ten prescaler chip. 



Rear panel of heterodyne scaler showing L.O. changing 
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construction 

Construction of the 2500-MHz heterodyne scaler 
may be divided into two parts: 1) power supply, ref¬ 
erence oscillator, phase detector, loop filters and 
buffer; and 2) the VCO, divider string, doublers, mix¬ 
er, and broadband i-f amplifier. 

Part 1 may be built using any construction prac¬ 
tices you desire, as layout and grounding aren't crit¬ 
ical. Part 2, however, should be built using plain 
unetched 0.064-inch (1.6-mm) or thicker copper-clad 
board (material uncritical) as a goundplane. 

Mount the divider ECL and TTL ICs by turning them 
upside down and bending all their ground pins to 
meet the copper-clad board, then solder them in 
place. All ECL point-to-point wiring can then be made 
using very short lengths of solid hookup wire. By 
proper forethought as to layout, it's possible to elimi¬ 
nate any inter-IC lead length greater than 5/8 inch 
(16 mm). If for some reason you must make a longer 
run in the divider chain, use shielded 50-ohm cable. 
Run all bypass capacitors from their 1C pins to the 
groundplane with lead length as short as possible, 
possible. 

The same basic construction practices outlined 
above apply to the VCO and broadband amplifier, ex¬ 
cept that here you deal with transistors instead of 
ICs. The doublers, as they use stripline circuitry, 
deserve special mention. Stripline, as done in in¬ 
dustry, is a photoetching process that leaves dual¬ 
sided Teflon copper-clad board with all its copper in¬ 
tact on one side (the groundplane) and etched strip¬ 
like conductors on the other side. The strip conduc¬ 
tors work with the groundplane to form a trans¬ 
mission line whose impedance is a function of strip 
width, height above groundplane, and dielectric con¬ 
stant of the Teflon glass board. 


For our purposes, however, we can use a different 
technique, which is much more inexpensive, easier, 
and alterable too. It involves cutting the desired lines 
out of Teflon PC board stock, and then cementing 
them to a far-less-expensive, unetched G10 or phe¬ 
nolic-base circuit board. 

To duplicate this technique, obtain a 6 x 6 inch 
(152 x 152 mm) piece of single-sided, unetched, 
copper-clad board (material not critical). Use steel 
wool to polish the copper side until it shines. Then 
refer to fig. 5 to obtain stripline dimensions for each 
line used. 

Using your stock of Teflon-glass board, cut out 
lines to these exact dimensions. Polish both sides of 



Internal view of scaler showing power supply and L.O. fre¬ 
quency synthesizer. This board outputs 500.000 MHz. 
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that is, if the collector voltage is too low increase the 
bias resistor value and vice versa. 



fig. 4. How to accomplish the objectives of a transistor-var¬ 
actor-effect frequency multiplier. Striplins techniques are 
used for impedance transformation. 


each line with steel wool. Using all doubler, mixer, 
and i-f amplifier parts, come up with a suitable layout 
for this assembly. When you're happy with the lay¬ 
out, drill holes for all feedthrough capacitors and 
transistors in the 6 x 6 inch (152 x 152 mm) circuit 
board chassis. Use Super Glue to mount all polished 
striplines to the copper side of this board to form 
instant, repairable striplines. Finally, mount both 
transistors and other parts with leads as short as pos¬ 
sible. Mount the MLP101 mixer by soldering it to the 
circuit board in two or three spots, being very careful 
not to overheat the device. 

A well-shielded box is recommended to house the 
heterodyne scaler, as it radiates on many harmonics 
of 1 MHz. It's a good idea to use feedthrough capac¬ 
itors on the power-line cord to prevent radiation 
leakage. 

tune up 

Tune up begins by locating a volt-ohmmeter, oscil¬ 
loscope (bandwidth > 5 MHz), a frequency counter, 
and a set of nonmetallic alignment tools. Make 
yourself comfortable and expect several hours of 
entertainment (or frustration). 

1. Break the connection between the 4700-/«F filter 
cap and the 7812 regulator. Insert a milliammeter 
here to measure total supply current. If you read 
250-350 mA, all is probably well. 

2. Connect a voltmeter to the +12 and + 5 volt 
sources, just to make sure the regulators are wired 
correctly. The collector of Qni should read 7 volts 
± 1 volt, that of Qd 2 8 volts ± 1 volt, and that of 
Qimp about 5 volts ± 1 volt. If these voltages are 
other than specified, adjust stage bias accordingly; 


3. Ready your frequency counter, and, with the ref¬ 
erence frequency switch set to INTERNAL, measure 
the 1-MHz reference frequency at the 4046, pin 14. 
Set this frequency to 1.0000 MHz. 

4. Loosely couple your counter to the VCO emitter 
through a 1-pF capacitor, after closing Cjune com¬ 
pletely and disconnecting the 500-MHz OUT terminal. 
A frequency between 350 and 500 MHz should be 
observed here. 

5. Observe the waveform at TP1. It should be a 
clean, jitter-free, TTL-level square wave of 700 kHz to 
1 MHz. If not, adjust the 0.8-6 pF piston trimmer on 
the VCO emitter until the proper signal is obtained. 
You'll want 1-2 turns more capacitance (from the 
trimmer) than the minimum required to get a clean 
waveform at TP1. 

6. Slowly reduce the capacitance of CjUNE until the 
loop locks. Lock is established when the OUT-OF¬ 
LOCK pilot goes out and the measured frequency of 
the VCO is exactly 500.0 MHz. 

7. Connect a 47-ohm, 1/4-watt resistor, with short 
leads, between 500-MHz OUT and ground. The VCO 
will probably lose lock at 450 MHz or so. 

8. Tune CjuNE and C|_OAD for maximum power and 
a locked loop by measuring the dc voltage at TP2. 
You should measure at least 1 volt, but don't tune for 
more than 1.5 volts. 



Internal view of scaler showing the two frequency multipli¬ 
ers and the broadband i-f amplifier. 
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LN2 3 x 0.2 x 0.064 inch (76 x 6 x 1.6 mm) Cincinnati 

Millacron Milliclad or 3.5 x 0.2 x 0.032 inch 

(89 x 4 x 0.8 mm) glass Teflon 
LN3 2 x 0.1 x 0.032 inch (52 x 3 x 0.8 mm) glass Teflon 

LN4 0.975 x 0.2 x 0.032 inch (25 x 5.5 x 0.8 mm) glass 

Teflon 

LN5 2.7 inches (70 mm) of 0.39-inch (10-mm) brass with hole 
drilled in exact center and a 6-32 (M 3/5) brass nut soldered 
squarely over hole, then bent as shown 
LI 1.4 inches (35 mm) no. 12 (2.1-mm) bare copper wire bent 
around a 0.5-inch (13-mm) coil form. A wooden dowel is 
suitable 

L2 3 turns no. 20 (0.8-mm) enamelled wire wound on a 0.1-inch 
(3-mm) coil form, closely spaced to start with 
L3 20 turns no. 30 |0.25-mm) enamelled wire wound around a 
0.5-watt resistor lead. Form the coil to occupy 0.4 inch (9 


fig. 5. Construction details for the microwave striplines and 
inductors used in the frequency scaler. 


9. Disconnect the 47-ohm resistor and reconnect 
LN1 to 500-MHz OUT. 

10. Move the voltmeter to TP3 and terminate BNC 
connector Ji OUT with about 100 feet (30.5 meters) 
of RG-58/U or RG-174/U cable (far-end termination 
is not critical). 

11. Tune both doubler 1 variable caps until you ob¬ 
tain maximum otuput at TP3. You should obtain 
1.5-2.5 volts. If not, stretch L2 turns for maximum 
output. 

12. Verify that the loop OUT-OF-LOCK pilot light is 
still out. If not, slightly adjust the VCO CjUNE control 
until loop lock is re-established. 


13. Connect the lossy coax load to J2 out- Jumper 
JI in and J2 out with a coax cable. 

14. Adjust the 1-GHz idler and the nylon screw in 
LN5 and its two flap caps (fig. 5) for maximum out¬ 
put at TP4. If the signal suddenly disappears, try a lit¬ 
tle more 1-GHz idler capacitance. Several iterations 
will be required to get the maximum voltage level at 
TP4. About 2 volts should be obtainable if a quality 
Schottky detector or point-contact mixer diode is 
used at TP4. If your output is a little low here, don't 
worry. Accurate voltage measurements using crude 
peak detectors are a joke at 2 GHz anywayl 

15. Remove the coax dummy load from J2 and insert 
the LO cable into J2. The reading at TP4 should be 
little different than with the dummy load. 

further hints 

If you build this unit, I assume you have some pet 
microwave project (or at least an oscillator) that 
you'd like to test and improve. Now is the time to do 
it. If you think your unit operates between 1.5 and 
2.5 GHz, leave the heterodyne scaler set up the way 
it is. If you think your unit's output is between 500 
and 1500 MHz, connect the LOin jack to JloUT- 
Connect your frequency counter to 0-500-MHz OUT. 
A suitable pickup antenna for this frequency is a half¬ 
wave coaxial dipole with a 6-inch (152-mm) overall 
length for the low band and a 2-1 /2 to 3 inch (64 to 
77 mm) length for the high band. 

If you have any problems with scaler sensitivity — 
especially on the high band — and have followed my 
instructions, try one more thing. 

Move the peak detector associated with TP4 to the 
actual LO terminal of the mixer. If there is much less 
voltage here than at the original location, some cable 
and connector work is in order. On the same subject, 



In the foreground is a late scaler addition, an auto-ranging 
circuit. This allows the scaler to choose the correct L.O. fre¬ 
quency automatically or allow manual selection by a front 
panel switch. 
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if you're interested in only one band, forget about the 
back-panel jacks and handwire the connections. 

operation 

Operation of the heterodyne scaler is nearly as sim¬ 
ple as using your counter with one or two excep¬ 
tions. The first is the need to depress the HIGH SIDE- 
LOW SIDE RESOLVE switch when making a measure¬ 
ment. If, when this switch is depressed, the indicated 
frequency increases, your microwave signal is on the 
high side of the 1- or 2-GHz local-oscillator frequen¬ 
cy, and your actual frequency is the LO frequency 
plus the counter displayed frequency. Conversely, if 
the measured frequency decreases when this switch 
is depressed, your microwave signal is on the low 
side of the LO frequency, and its actual frequency is 
the LO frequency in use minus the frequency your 
counter is measuring. 

The second exception is overload protection. Your 
counter probably has fairly good overload anti¬ 
burnout circuitry; this scaler does not. The usual 
back-to-back hot-carrier diodes that provide protec¬ 
tion at low frequencies are simply too reactive to do 
much good at 2.5 GHz. So be careful, and this scaler 
will serve you well. Don't do anything rash like trying 
to measure the frequency of your microwave oven by 
inserting the pickup antenna directly into the oven 
cavityl 

Caution must also be used when trying to measure 
frequencies closer than 2 MHz away from the 1- or 2- 
GHz LO frequency. The double-balanced mixer as 
well as the broadband amplifier frequencies fall off 
very rapidly in this region; and with high input signal 
levels, i-f harmonics may well be stronger than the i-f 
fundamental. Besides, to measure closer than 10 
MHz to the LO, the t/v/cff-sensitive ECL prescaler in 
your counter will have to be bypassed. Some ECL de¬ 
vices become very confused with slowly rising and 
falling wavefronts. 

other uses 

The heterodyne scaler has other uses besides ac¬ 
curate frequency measurement in the lower micro- 
wave bands. Most notable among these is its use as 
a receiving converter for 1296 or 2304 MHz (or any¬ 
where in between). This project was designed as a 
high-level mixer, so I made no attempt to character¬ 
ize LO noise skirts or system noise figure. Because 
LO noise drops as you move farther away from the 
LO frequency, I would guess receiver noise figure 
would be best between 600 and 900, 1100 and 1400, 
1650 and 1850, and 2150 and 2350 MHz. In a nut¬ 
shell, my advice to anyone using this circuit as a re¬ 
ceiving converter is to use a high gain antenna, a 3 



Close-up of scaler, scaler pickup antenna, and a microwave 
oscillator under test. Note polarization of oscillator. 


dB (or better) noise figure preamp, mast-mounted if 
possible, and a feedline such as 3/4-inch (19-mm) 
hardline. 

Another possible use of the heterodyne scaler is a 
stable 2.000-GHz LO source for a transmitting con¬ 
verter. For this you need a 432-MHz transmitter, mix¬ 
er, and a preamplifier-power amplifier chain. 

If you have any problems, questions, or comments 
concerning the scaler, or live around Chicago and 
would like to attempt communications at or above 
2300 MHz, please get in touch with me. 

addresses of electronic 
parts manufacturers 

Texas Instruments 

Semiconductor Components Division 
P.O. Box 5012 
Dallas, Texas 75222 
Engelman Microwave 
Skyline Drive 

Montville, New Jersey 07045 
Solid-State Microwave 
Montgomeryville, Pennsylvania 18936 
Plessey Semiconductor Products 
1674 McGraw Avenue 
Santa Ana, California 92705 
Fairchild Camera and Instrument Corporation 
464 Ellis Street 

Mountain View, California 94042 
addresses of rf 
PC-board manufacturers 

Oak Materials Group 
Laminates Division 
174 North Main Street 
Franklin, New Hampshire 03235 
Cincinnati Millaron 
Molded Plastics Division 
Blanchester, Ohio 45107 
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I variable-inductance 

variable frequency oscillators 


A comprehensive 
discussion of 
VFO circuits 
including a 
variometer VFO, 
an iron-vane VFO, 
and copper-vane VFO 

This article deals with a number of variable- 
frequency oscillators, which I developed over seven 
or eight years, mainly for portable use. 

Inductance-tuned VFOs are not a new idea. Long 
before the days of solid-state VFOs some manufac¬ 
turers were using them in commercial ham gear. The 
Collins PTO (permeability-tuned oscillator) is an ex¬ 
ample. The original PTO was a precision-built factory 
product, but the inductance-tuned VFOs described 
here are simple enough to be built by any construc¬ 
tion-minded Amateur. This might no longer be the 
case, however, if it becomes impossible to obtain 
good dial drive mechanisms through retail sales 
outlets. 

The importance of simple VFO design may seem 
questionable at a time when the industry appears to 
be rushing into synthesizers. The answer is evident 
when one notes that data in an advertisement by a 
leading manufacturer indicated that its latest trans¬ 
ceiver drew over an ampere from a 12-volt source in 
"receiving standby" position. In contrast, the receiv¬ 
ers I've designed for portable use have drawn less 
than 50 milliamperes; something of the order of 10 
milliamperes at 9 volts is possible with direct-conver¬ 


sion designs. Thus there continues to be a need to 
develop VFOs that are smaller, more economical, and 
more stable. 

The reasons for the variable-inductance approach 
for both portable- and fixed-station use are these: 

1. An inexpensive variable capacitor may cause 
noise and frequency-jitter when tuned. 

2. Even a good variable capacitor, if at all available, 
may be large and heavy by modern standards, be¬ 
sides being expensive. 

3. A variable-inductance tuning system can be low 
cost. 

4. Variable-inductance tuning lends itself best to 
bandspread tuning, as in the Amateur bands. 

5. Vernier dial drives that ensure backlash-free tun¬ 
ing are available from Japan and also from England 
(Jackson Bros.). 

design considerations 

The basic circuits used in my experiments are the 
series Colpitts (originally known as the Clapp oscilla¬ 
tor), fig. 1, and, in one instance, the Hartley oscilla¬ 
tor, fig. 2. The Seiler circuit, not used, is a modifica¬ 
tion of the series Colpitts. It is, of course, desirable to 
make the oscillator frequency as stable as possible 
consistent with cost and size. 

One source of frequency instability is the active 
element, the transistor, which is much more unstable 
with current and temperature changes than a vac¬ 
uum tube. At a given frequency, the transistor equiv¬ 
alent internal capacitances change with power- 
supply voltage and biasing changes, thus causing 
frequency shift. Temperature changes have the same 
effect. One source of temperature change is the dc 
operating currents and the other is any change in the 
ambient (i.e. surrounding) temperature. 


By Richard Silberstein, W0YBF, 3915 Pleasant 
Ridge Road, Boulder, Colorado 80301 
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Oscillator stability. An important factor in ensuring 
oscillator stability is to make the frequency much de¬ 
pendent on the LC circuit and little dependent on the 
transistor parameters. The usual way to do this is to 
start with a high-Q LC resonant circuit and couple it 
loosely to a very low impedance circuit — actually to 
two low impedance circuits, one for actuating the 
transistor, and the other at 180 degrees phase rever¬ 
sal for feedback from the transistor. 

I've usually worked with fets because, like vacuum 
tubes, they have high input and output impedances, 
whose changes with temperature and voltage varia¬ 
tion will have a minimum effect on the low impe¬ 
dances with which they are made to interface. The 
fets I've used have usually been N-channel, dual¬ 
gate, gate-protected mosfets such as RCA's 40673 or 
3N211, because the impedances and mutual conduc¬ 
tances are higher in mosfets than in jfets. No infor¬ 
mation in the Motorola HEP literature is given as to 
whether their mosfets are gate-protected. Older fets 
such as RCA's 3N128 and 3N140 are not gate pro¬ 
tected and thus are very hard to use in this appli¬ 
cation. 



fig. 1. Series-Colpitts oscillator. Cl for tuning. Feedback 
ratio is determined by C2 and C3. C4 is an rf bypass capaci¬ 
tor and C5 a coupling capacitor. 

Power source. To further minimize the effects of 
transistor instability in small portable equipment, I 
believe it's most economical of space and battery 
drain to power each oscillator with its own 9-volt bat¬ 
tery rather than use elaborate voltage regulators with 
a single, common power source. Note that a battery 
has internal resistance, so that attempts to power an¬ 
other circuit from the same battery will result in fre¬ 
quency shifts whenever the latter circuit's current 
drain is changed. This effect results from the addi¬ 
tional voltage drop in the battery's internal resis¬ 
tance, caused by the current to the second circuit. 
Besides rf shielding can be made very effective when 
the battery is kept in the shield box. 

Battery current. If the battery current, which is nor¬ 
mal for oscillator operation, is too high, oscillator fre¬ 
quency will drift after the voltage is applied, while the 
transistor is stabilizing to a slightly higher internal 
temperature. In experiments with mosfets a number 
of years ago I found that, in high-frequency oscilla¬ 
tors, the drain current should not exceed about 2 mil- 



fig. 2. Hartley oscillator. Cl is for fortuning. Feedback ratio 
is determined by n2 and n3. C2 and C4 are coupling capaci¬ 
tors and C4 is an rf bypass capacitor. 


liamperes. Much lower values than this can be used 
to advantage, except that a too-low value can pro¬ 
duce a noisy circuit or a hard-starting oscillator. 

The current can be decreased by decreasing the 
voltage on the age gate of a dual-gate mosfet (G2 in 
the 40673). It can also be controlled by changing the 
feedback ratio, which is C2/C3 in fig. 1, or n2/n3 in 
fig- 2. 

The relationship of feedback-ratio-to-performance 
is not simple, but fortunately a 1:1 feedback ratio is 
frequently best. If the resonant-circuit Q is high 
enough, isolation can be improved by making Cl rel¬ 
atively small compared with C2 and C3 (fig. 1) or by 
placing the high n2 tap considerably below the top of 
LI in fig. 2. Carrying this procedure too far produces 
high drain current, noise, parasitic oscillations, or no 
oscillation. 

Oscillator keying. If you wish to key a transmitter in 
the oscillator circuit, a low-current design is desirable 
to minimize chirp caused by transistor heating when 
the key is depressed. Conditions for low current fre¬ 
quently mean closer coupling of the transistor to the 
LC circuit, so that there is a limit to the effectiveness 
of this way of reducing chirp (e.g., making C3 in fig. 
1 too small). 

On the other hand some designs with good isola¬ 
tion diminish chirp but introduce slow drift because 
of high current (e.g., making C3 in fig. 1 too large). 
However, another factor makes direct keying unde¬ 
sirable. A key-click filter usually entails RC circuits 
with slow time constants. Charging and discharging 
of the capacitors produces transients in the dc volt¬ 
ages across the transistor terminals, causing fre¬ 
quency shift and, hence, chirp, as the voltage rises 
and falls. 





fig. 3. Principle of variometer. (A) fields aiding; (B) fields 
opposing. 
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Temperature effects on inductors. In the matter 
of ambient temperature effects, it has been pointed 
out that even powdered-iron toroid inductors have a 
temperature coefficient too great for many 
purposes. 1 However, I've used these inductors for 
compactness in the VFOs of portable QRP equipment 
and have found that they did not drift too rapidly 
when the equipment was used under a canopy on a 
ship in the tropics, even with the sun setting. 2 Out¬ 
door operation in a simple metal box in the sunlight is 
more difficult. 

Air-core toroids. Ferrites have much worse temper¬ 
ature characteristics than powdered iron, so almost 
the only alternative is an air-core coil. However, 
there's still the issue of what kind of air-core coil to 
use. A number of years ago I evolved a simple con¬ 
struction procedure for making air-core toroids. 
These are much larger than their powdered-iron 
equivalents, but they still can be confined to a small 
shield box; since a toroid's magnetic field is closely 
contained, the shield box has little effect on induc¬ 
tance and Qj producing mainly an increase in capac¬ 
itance. 

One of my early air-core toroids had a Q of about 
300 and was used in a signal generator tuning from 
12 to 23 MHz. With a 200-milliwatt final amplifier pre¬ 
ceded by a buffer, it was possible to key the oscillator 
and transmit on the fundamental frequency at 14 and 
21 MHz without very bad chirp. But key clicks were 



fig. 5. Split-rotor coil construction. 


bad, so that direct keying became undesirable, as 
discussed above. 

Temperature stability of air-core toroids built for a 
recent series of tests was disappointing, as described 
further on. Perhaps the toroidal shape itself produces 
a high temperature coefficient when subjected to the 
expansion and contraction of copper and plastic. 

Capacitors. Capacitors are temperature sensitve 
too. In frequency-determining circuits, experiment¬ 
ers have found the small polystyrene types to be the 
best. Both DeMaw 1 and Eaton 3 correctly note that 
overall frequency drift can be compensated for by ex¬ 
perimenting with capacitors of different temperature 
coefficients, but that this is a difficult process, the 
results of which might be hard to duplicate. And en¬ 
closing the oscillator in a constant-temperature oven, 
an obvious alternative, would not be feasible for 
small, portable equipment. 

In addition to being temperature sensitive, certain 
capacitor types are highly sensitive to humidity. Mica 
compression trimmers in rf circuits have been known 



fig. 6. Tuning couplet. Vane is of epoxy circuit-board mate¬ 
rial. Leave two small copper spots for the supporting wires. 
Alternatively, support nut with insulating spacer block. 
Hold T50-6 toroid to vane with cyanoacrylic cement. 

for many years to have some of the properties of ba¬ 
rometers. It used to be considered a cute trick to 
place a sensitive back-biased vacuum-tube voltmeter 
across the output of an i-f stage and watch the effect 
of blowing one's moist breath through a glass tube 
onto a tuning capacitor. 

Even ceramic trimmers leave a lot to be desired, 
which makes it appear that adjustable air-dielectric 
trimmers might be the best for stable oscillators. 
Some very small air trimmers, with very close plate 
spacing, are available. Having once worked with in¬ 
stallations on yachts, I wonder if the spacing in some 
capacitors is small enough that precipitation, which 
sometimes forms when hot, moist air cools on a met¬ 
al surface, might not short-circuit capacitor plates; 
i.e., is a "dew-drop shunt" a possibility, especially if 
the dew drop happens to be salty? 

Shielding. In small, portable equipment, a limited 
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amount of frequency drift can be corrected by reset¬ 
ting the oscillator to a reference calibration point, as 
in zeroing the VFOto a frequency marker. The impor¬ 
tant thing here is to be sure that the VFO does not 
drift appreciably during a contact. To obtain im¬ 
proved results with a small increase in size, the 
temperature of the oscillator can be made to change 
slowly under conditions where the oscillator might 
have drifted rapidly, as when moving equipment out¬ 
doors into the sun or into a chilly breeze. This can be 
done by using both an internal and external shield 
box. Such an arrangement produces double rf shield¬ 
ing, which not only decreases rf interference locally, 
but also is one way of reducing feedback from the 
higher stages of the transmitter to the VFO, which 
may be a source of instability. For best rf shielding, 
as in rf screened rooms, grounding the boxes to each 
other should be at one point, with precautions in 
treating rf cables and power leads the same as in the 
screened-room case. 



Coil board for VFO H-2. Air-core toroid and iron-vane tuning 
unit are shown in position. 


the variometer VFO 

In the early 1920s the variometer was used to tune 
stages of the then-prevalent trf (tuned radio-fre¬ 
quency) broadcast receivers. It consisted of one sta¬ 
tionary coil, inside of which was one rotatable coil. 
Fig. 3 shows the principle, with the rotor shown 
beside the stator for illustrative purposes. Drawing A 
shows the rotor in the "fields-aiding" position. The 
magnetic fields of the two coils are mutually aiding, 
which results in a larger value of inductance than the 
sum of the two. In the "fields-opposing" position, B, 
the circuit inductance becomes small. 

Commerical variometers were made with split 
stators and rotors, which were shaped to ensure the 
maximum coupling of electromagnetic field lines, 
and thus the maximum range of inductance values, 



VFO H-2 assembly. Air-core toroid and copper-vane tuning 
unit are visible under circuit board. 


as the rotor was turned 180 degrees inside the stator. 
The main problem with the variometer is that most 
of the circuit resistance remains unchanged for all ro¬ 
tor positions, so that the Q becomes very small at 
one end of the tuning range. This results in broad 
tuning and low gain at the high-frequency end of the 
dial in trf receivers. However, for bandspread tuning, 
which is required for covering only a few hundred 
kHz in an oscillator, a small variometer can be placed 
in series with the main inductor, so that the worst-Q. 
position of the rotor will have only a small effect on 
the circuit Q. 

Fig. 4 shows a series Colpitts circuit tuned by 
variometer L2L3 in series with LI. Capacitor Cl can 
be used for calibration. 

Construction. Fig. 55 shows how the split rotor in 
the experimental model was built. The tuning shaft is 
a 1/4-inch (6.35-mm) phenolic rod. Cemented to its 
sides are two circular disks of insulating material, 



Variometer VFO. Variometer tuning unit is in corner 
attached to Jackson dial drive behind tuning knob. 






C2,C4 32-pF air trimmer 

C3 147-pF polystyrene 

C5.C6 220-pF polystyrene 

C7-C10 0.0 VF 

LI 9-1/2turnsno. 18 (1-mm) wire on T50-6 core 

L2 1-1/2turnsno. 16 (1.3-mm) wire close to couplet 

L3 21 turns no. 20 (0.8-mm) wire on T50-6core 

L4 4-1/2 turns no 18 (1-mm) wire close to couplet 

T1 primary 19-1/2 turns no. 30 (0.25-mm); secondary 4 

turns no. 24 10.5-mm) wire on FT37-63 form or 
equivalent 

RFC1, 23-1/2 turns no. 3210.2-mm) wire 
RFC2 on FT-37-63 form or equivalent 

fig. 7. Couplet-tuned VFO for IS- and 20-meter receiver with 
9-MHz i-f. 


each carrying a one-turn coil section. Leads from the 
rotor go through a drilled portion of the shaft to the 
rear, and come out to stationary terminals in the rear. 
These leads are twisted, plastic-covered, stranded 
no. 24 (0.5-mm) wire. They emerge at terminals close 
behind the shaft to minimize the adverse effect of 
continual flexing. The dial drive is at the front of the 
shaft. The spring effect of the twisted wires was 
enough to rotate the shaft against dial friction. (This 
could have been eliminated by a friction bearing as 
described later.) 

The disks of insulating material in the rotor could 
be replaced by powdered-iron cores to some small 
advantage. The split stator consists of two self-sup¬ 
porting, one-turn, coils connected in series with the 
rotor, and into which the rotor meshes. 

The variometer-VFO design illustrates the princi¬ 
ple. The oscillator was never used, because better 
approaches became evident. However, it did serve 
as a stimulus for thinking about inductance tuning. In 
other respects, this particular oscillator might be 
called the "nostalgia special." 

Performance. In all-inductance tuning, as you 
might guess from simple considerations, for a fixed 
ratio of inductance change to total circuit inductance. 


the frequency coverage or bandspread achieved de¬ 
creases directly as frequency decreases. This is ac¬ 
curate when the bandspread is a small fraction of the 
main frequency; it becomes less accurate as the frac¬ 
tion increases. Design for the lower high frequencies 
suffers from this frequency effect, especially at 3.5- 
4.0 MHz, where a large bandspread may be desired. 

a rotating-couplet VFO 

This design allowed the most compact construc¬ 
tion of all that were built. The heart of the unit is a 
"rotating-couplet," whose design I evolved from rec¬ 
ollection of an aligning tool of the 1930s. This magic 
wand had a powdered-iron slug at one end and a 
brass slug at the other end. Inserting the iron slug in¬ 
to an rf solenoid coil increased the coil inductance. If 
this act tended to increase the receiver output at a 
given frequency, the rf coil needed more inductance; 
a decrease meant it needed less. The brass slug 
worked in the opposite manner, since induced eddy 
currents in the brass reduced the coil inductance. 

Construction. The couplet shown in fig. 6 consists 
of a powdered-iron toroidal core (I used T50-6) 
placed opposite a brass slug and in the same plane. 
The whole couplet is rotated by a formica shaft. At 
one extreme of a 180-degree rotation, the toroid is 
coupled closely to a stationary coil, increasing its in¬ 
ductance a maximum amount. Rotation away from 
the maximum position decreases the effect of the 
iron. At the 90-degree point, the coil inductance 
should be the same as if the coil were alone. Past the 
90-degree point, the brass slug rotates into the coil, 
reducing its inductance. An 8-32 (M4) brass nut was 
used as the slug. The core and the slug are mounted 



fig. 8. Frequency calibration of receiver using couplet-tuned 
local oscillator. 
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LI 33-1 /2 turns no. 26 (0.3-mm) wire on T50-6 form 

L2 18-1/2 turns no. 22 (0.6-mm) wire on T50-6form 

L3 see text 

RFC1, 

RFC2 Miller 70F475A1 

RFC3 Miller 70F125A1 

fig. 9. Iron-vane VFO for 15- and 20-meter transmitter. 


on a small Fiberglas epoxy vane made from a piece of 
circuit board from which most of the copper was re¬ 
moved. The nut is supported on wires soldered to 
two small copper spots remaining on the vane. (One 
large spot might have changed the coupling pattern.) 
A better method would have been to mount the nut 
in its offset position by using a small plastic block. 

For homebrew equipment, when multiband opera¬ 
tion is desired, it's probably better to go back to early 
commercial practice and use a bandswitching VFO, 
since the penalty of separate frequency calibrations 
for each band may be less than that of using an extra 
mixer stage with frequency conversion and the ac¬ 
companying difficulty of suppressing additional un¬ 
wanted frequencies. 

Fig. 7 is a circuit diagram of a VFO used as an LO in 
a 15- and 20-meter bandswitched portable CW re¬ 
ceiver with a 9-MHz i-f. For 20-meters the oscillator 
operates in the 23-MHz region and for 15-meters in 
the 12-MHz region. This is the LO used in my "Mini¬ 
cruiser" receiver. 2 

Two switched coupling coils, L2 and L4, are 
placed on opposite sides of the rotatable couplet. 
Each is in series with a main inductance coil. These 
coils are LI and L3. 

Performance. The calibration curves of the receiver 
using this oscillator are shown in fig. 8; they are ob¬ 
viously far from linear. Even worse, in the 90-degree 
region such an arrangement can produce a small but 
annoying defect. As the powdered-iron core rotates 
past the minimum-effect position at 90 degrees and 
the brass slug rotates in, the iron slug may momen¬ 


tarily increase the coil inductance again to a greater 
extent than the brass slug decreases it, producing a 
tiny doubling back of the calibration curve. Similarly, 
the effect of the brass slug may predominate over a 
small interval on both sides of 90 degrees. 

an iron-vane VFO 

This VFO has some similarity to the previous one, 
except that the variable inductor in series with the 
main inductance consists of a semi-circular coil and a 
rotatable powdered-iron vane of the same general 
type as that originally designed for a QRP 
Transmatch by W1CER and KIKLO* 

Fig. 9 is the circuit for a two-frequency switched 
VFO used in the transmitter of the Minicruiser . 2 The 
generated frequencies are near 7 and 10.5 MHz, to 
be doubled to cover the CW frequencies near 14 and 
21 MHz. Fig. 10 shows some design details of an 
iron-vane tuning unit similar to the one used here. 

Construction. I made the iron vane from a toroidal 
core 1 inch (25.4 mm) in diameter, of material said to 
be similar to Micrometals T2. I sawed the core in half 
and cemented it to a sickle-shaped flat plate from 
which the copper had been etched. Shaping the 
sickle was easy. I cut an approximate disk from the 
circuit-board material and turned it in a lathe to a 
diameter of 1 inch (25.4 mm), although without a 
lathe a tedious sawing and filing job would have been 
satisfactory. The material between the sickle and the 
"hub" was removed with bandsaw files and occa¬ 
sionally a small hacksaw. 

The best adhesive for fastening the powdered-iron 
segment to the sickle was cyanoacrylic (like Eastman 
910). To my surprise, epoxy worked badly, perhaps 
because it did not adhere to the lacquer on my par¬ 
ticular core segment. Rubber cement was even bet¬ 
ter. The assembly withstood a voyage around South 
America and a truck trip from San Francisco to 
Denver. 

I screwed the now-finished vane to the end of a 
1 /4-inch (6.35-mm) Formica shaft, which had been 
drilled and tapped for a 6-32 (M 3/5) screw. I made 
the shaft long enough to fit into the dial drive. A 


fig. 10. Design features of an iron-vane tuning unit. This unit 
was used in some tests of VFO H-2 in lieu of the copper-vane 
tuner of figs. 12 and 13. 




july 1980 QB 55 



good fit, essentially free of backlash, was made by 
drilling and tapping the dial drive collar for 4-40 (M3 
screws with the shaft already inserted, using two 
screws at right angles and set at different lengths 
along the shaft. 

To eliminate wobble of the iron vane as it moved in 
the pickup coil, I devised a bearing made of a circular 
piece of solid nylon. The material flows when hot, so 
the shaft hole had to be drilled with a 1/4-inch (6.3- 
mm) drill and then filed carefully for a tight fit to the 
Formica shaft. Very slow rotation, as in a back- 
geared lathe, can eliminate this problem. The nylon 
material provided a tight grip on the shaft, yet did not 
produce frequency jitter as the dial was turned. 

In the design for the circuit of fig. 9, I wound the 
semicircular coil, L3, with five turns of no. 18 (1 mm) 
wire, using a rectangular mandrel 1/4 x 1/2 inch 
(6.35 x 12.70 mm) and cemented it, using epoxy, to 
the outside circumference of a small nylon bearing in 
the region where the bearing was mounted to an 
acrylic plate. In the design of fig. 10, I merely 
cemented the coil to the flat surface of the fairly large 
bearing shown, using Duro plastic-mending cement. 
I found it desirable to make the coil cover less than 
180 degrees of arc, otherwise the end turns would 
act as stops (detents) as the core was rotated, with 
considerable potential for damage. 

Performance. Fig. 11 is a set of calibration curves 
for the iron-vane VFO of fig. 9 at the frequencies ob¬ 
served after doubling. They are quite linear over a 
fairly wide range. Irregularities are no doubt caused 
by imperfections in the hand-wound variable in¬ 
ductance. 



fig. 11. Calibration of "Minicruiser" iron-vane transmitter 



fig. 12. Circuit of inductance-tuned Hartley VFO H-2. LI and 
L2 are described in text. C4 is for calibration setting. 


a copper-vane Hartley VFO 

In the design of the iron-vane VFO of fig. 9, the 
main inductance coil for each frequency is a pow¬ 
dered-iron toroid. Hoping to increase the tempera¬ 
ture stability of the system, I decided to sacrifice 
some compactness and eliminate powdered-iron 
cores altogether. The main inductance coil now be¬ 
came an air-core toroid. The series tuning coil be¬ 
came an air-core half-toroid into which was rotated a 
sickle of copper tubing which, through eddy-current 
action, decreased the inductance (and also the Q) of 
the semi-toroid as more of the sickle was rotated into 
the coil. The effect was the opposite of that experi¬ 
enced with the iron-vane VFO. As a further innova¬ 
tion I decided to use the simpler Hartley circuit of fig. 
2. Fig. 12 is the circuit of my test VFO H-2. The earlier 
H-1 was similar. 

Construction. For coil LI, I had evolved a simple 
means of making an air-core toroid as mentioned 
above. Coil of the order of 2 inches (51 mm) in diam¬ 
eter demonstrated Qs of the order of 180-200 at fre¬ 
quencies from 5 to 15 MHz, with shunt capacities of 
60-100 pF. 

Coils LI and L2 of fig. 12 are shown mounted on 
an acrylic coil board in fig. 13; their construction is 
described below. 

First I constructed a spool consisting of two 1-inch 
(25.4 mm) acrylic disks separated by a cylindrical 
fiber spacer 5/16 inch (8 mm) in diameter and 0.400 
inch (102 mm) long. The spacer was drilled for a no. 
8 (M4) brass screw for holding the assembly togeth¬ 
er, and for fastening to a mounting board. The disks 
were drilled and tapped for short no. 4 (M3) brass 
screws to serve as terminals. 

I made the main toroidal coil, LI, by inserting a 
1/2-inch (12.7-mm) dowel with screw terminals into 
a lathe chuck and winding forty two turns of no. 14 
(1.6 mm) soft-drawn enameled copper wire onto the 
dowel. Upon release, the coil I finally made was 
40-1/2 turns, which was then carefully wrapped 
around the spool and held with a rubber band. 

The next step was to cement the coil to the spool, 
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using epoxy, although plastic mending cement was 
later found to be easier to use and worked just as 
well. I used this coil in experimental VFO H-2 for 5- 
MHz tests. It was reduced to 38-1/2turns for 9-MHz 
tests, the purpose being to produce an appreciable 
gap to isolate the high-impedance end from lossy 
and temperature-unstable materials. 

I made L2, the half-toroid for tuning, in a similar 
way except that eighteen turns were used for VFO 
H-2. I mounted a nylon bearing with a 1/4-inch (63.5 
mm) shaft hole flat on the Plexiglas coil board. The 
outer diameter of the bearing was 3/4 (190.5 mm) 
and the height 5/16 inch (79 mm). Then I wrapped 
the half toroid around the bearing to an angle slightly 
less than 180 degrees and also made it rest against 
the board. Next I cemented it into place. The copper- 
tube sickle was a half-circle of 1/4-inch (6.35-mm) 
tubing flattened at one end and offset from the shaft 
end by an insulated crank arrangement. 

In some of the temperature tests described later, I 
replaced the air-core toroid of LI by one of similar in¬ 
ductance and £), consisting of a T50-6 core wound 
with twenty six turns of no. 24 (0.5 mm) enameled 
copper wire. Also, in some tests I replaced the cop¬ 
per-vane tuning unit at L2 with the iron-vane unit of 
fig. 10. Here coil L2 consisted of nine turns of no. 18 
(1 mm) wire initially wound on a mandrel 1/4 x 
3/8 inch (6.35 x 9.25 mm). 

With different values of Cl I could make the VFO 
function at frequencies from roughly 4 to 12 MHz us¬ 
ing essentially the same coil at LI, which was center- 
tapped. I did most of the experimenting near 9 MHz 
with Cl consisting of two 27 pF polystyrene capaci¬ 
tors in parallel. 

Performance. Fig. 14 shows a frequency calibration 



(25.4 mm) brass spacers. 



fig. 14. Copper-vane VFO H-1 frequency calibration. 


of the copper-vane VFO H-1 around 9 MHz. The coils 
were similar to their H-2 counterparts, except that LI 
had 41-1/2 turns and L2 had 17 turns. The linearity of 
most of the curve is evident. There was less success 
with temperature stability in this type of design, as 
described below. 

temperature experiments 

I had originally hoped to make readings of frequen¬ 
cy drift with change of temperature of the VFO, but it 
soon became evident that this would not be an easy 
matter. Any kind of structure, whether a VFO or a 
house, when subjected to temperature changes acts 
like a radio circuit to the extent that it has a time con¬ 
stant. However, whereas radio circuits may have 
time constants as short as several nanoseconds or as 
long as several seconds, a house being heated or 
cooled may have a time constant of the order of a 
day and a half. A piece of radio equipment may re¬ 
quire many hours to come to something approaching 
temperature equilibrium. 

Heat transfer. Heat introduced into a VFO from the 
outside gradually travels to the inside. If the heating 
takes place inside an insulated box, with the room 
temperature and the heat source constant, every¬ 
thing eventually will reach an equilibrium tempera¬ 
ture. The setup I decided on only approximated the 
ideal described above. 

I mounted the VFO box on an electric plate warmer 
and covered it with a large chassis taped to the heat¬ 
ing surface. Leads for the dc power and the tem¬ 
perature sensor were brought out at one corner. The 
rf output, after passing through a buffer stage, was 
brought through a piece of RG-174 cable at another 
corner and fed to a frequency counter. 
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fig. 15. 5-MHz heat runs on VFO H-2 with copper-vane tuning 
unit. 


Test procedure. For the temperature-sensing de¬ 
vice, I used an 1C made by Analog Devices, type 
AD590. This 1C was fastened to the VFO box. The 
test procedure I used was to a) turn on the heat at 
the LOW setting when I thought the VFO to be in 
equilibrium with room temperature, and b) make pe¬ 
riodic readings until the frequency stabilized. At this 
point, I assumed that the temperature of everything 
of importance inside the VFO was equal to the peak 
temperature reading of the run, about 34F (190 
above room temperature. 

Some of the circuit components were undoubtedly 
more temperature sensitive than others and some 
might have even had temperature coefficients of op¬ 
posite senses. There was, of course, no simple way 
of knowing when each circuit component reached 
what temperature, nor which ones were doing what 
during the transient warmup process. Besides, to 
reach a single equilibrium temperature took the bet¬ 
ter part of a day. The best thing I could do was to 
plot frequency drift versus time for the procedure de¬ 
scribed above and repeat the test under the same 
thermal conditions after making changes in the com¬ 
ponents in which I was interested. These compo¬ 
nents were usually LI and L2 of fig. 12. In tests of 
both iron-vane and copper-vane tuning units, I al¬ 
ways placed each vane in the position of closest 
coupling with its coil. I assumed that polystyrene ca¬ 
pacitors and air trimmers were consistent in their 
temperature behavior, and spent only a little time on 
mica capacitors, which apparently differ one from 
another. 1 


Test results. In fig. 15, curve A shows frequency 
drift versus time at 5 MHz, with the 40-1/2-turn air- 
core toroid as LI and the 18-turn copper-vane tuning 
unit as L2 (fig. 12 circuit). Cl was a 220-pF poly¬ 
styrene capacitor in parallel with one of 27 pF. The 
frequency drifted upward to 4700 kHz in the first 
hour, but it was not until the start of the sixth hour 
that the peak of 6900 Hz had been reached. 

Curve B shows what happened after I turned the 
heat off and removed the VFO at the beginning of the 
seventh hour; the frequency decrease was very rapid 
at first. Since frequency drift is related to tempera¬ 
ture, there was an obvious resemblance between the 
rise and fall of temperature and of current as the dc 
voltage in an inductive circuit is switched on or 
shunted out. 

Curve C (fig. 15) is for the same oscillator but with 
the powdered-iron toroid in the LI position. I was 
surprised to note that, after a small negative excur¬ 
sion, the frequency had drifted to only about 4700 Hz 
in six hours. There was later evidence, however, that 
the air-core toroid would have been more stable with 
a larger gap between the ends, although this did not 
make the air-core toroid competitive in the 9-MHz 
tests described below. 

Fig. 16 shows the 9-MHz tests, with Cl at 54 pF. 
For the test of curve A, I reduced LI to 38-1 12 turns, 
but the copper vane remained as before. In this test 
the frequency drift was 6350 Hz in fourteen hours 
and still rising. 

For curve B, I used the T50-6 toroid in the LI posi¬ 
tion, but continued to use the copper-vane unit at L2 
as before. Here the frequency drift remained very 
small for the first twenty minutes, then went sharply 
negative to -1750 Hz, then went up again, crossing 
the zero axis at about 4-1/2 hours and reaching 1665 
Hz at 14-1/2 hours, where it was still increasing. 

I next tried the T50-6 toroid in series with the iron- 
vane tuning unit of fig. 10. Curve C (fig. 16) shows 
the results. Again, there was an initial large swing in 
the negative direction, to -2000 Hz in the first hour. 
Then the frequency began to increase with time, 
crossing the zero axis at 7 hours and peaking at 400 
Hz at 13 hours 45 minutes. 

Curves B and C, being more irregular than curve 
A, show some undetected mechanical instability, 
probably in the T50-6 toroid. However, the negative 
excursion and return of the two curves has some sig¬ 
nificance. Product literature issued by Micrometals 
for their toroids show curves of temperature coeffi¬ 
cients versus temperature for all of their powdered 
iron, including no. 6 material. All have a transition 
from a positive to negative coefficient at 77F (250. 
It's possible that, for curves B and C, the change of 
slope at about one hour occurs near where the T50-6 
coil reached that temperature. 
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Fig. 15 and 16 are not directly comparable, 
because the air-core toroid was improved for the 9- 
MHz heat runs, as described above. Nevertheless, 
they do show that, contrary to expectations, the air- 
core toroids were not relatively immune to tempera¬ 
ture changes. From the viewpoint of relative stability 
over hours, the combination of C might be termed 
best, with B next best. From the viewpoint of the 
first 20 minutes, B seems the most stable. However, 
the steep negative excursions of B and C are worse 
than the steep positive excursion of curve A, in the 
first few minutes after start. 

In one brief test at 9 MHz, where I used all air-core 
coils and a 51-pF silvered-mica capacitor at Cl, the 
temperature coefficient was negative. This test was 
discontinued for reasons mentioned previously. 
Observations on coil construction. Thinking that 
the poor temperature behavior of the air-core toroid 
at LI might be caused by the epoxy cement, I built an 
identical one using Duro plastic mending cement, 
which yielded essentially the same temperature 
curve. My guess was that perhaps the narrow diam¬ 
eter of the air toroid, relative to the wire diameter, 
was responsible for a greater proportionate reduction 
of the magnetic-flux-carrying cross-section area as 
the wire expanded with heat. In none of the tests did 
I try any temperature-compensation techniques be¬ 
cause of difficulties in reproducing results when tem¬ 
perature-compensating components are introduced . 3 
conclusions 

The Hartley oscillator uses fewer components than 
the series Colpitts, and may be adjusted more easily 
in an experiment. However it is possibly more prone 
to producing spurious oscillations and noise if not 



fig. 16. 9-MHz heat runs on VFO H-2. 


adjusted correctly. Apparently poor temperature 
characteristics of the Hartley oscillators with air-core 
toroids might be due to the fact that, because of spu¬ 
rious oscillations, it had not been possible to achieve 
isolation of the resonant circuit of fig. 2 by bringing 
the n2 tap below the top of LI. In respect to isolation 
from temperature-sensitive transistor parameters, 
the Seiler circuit would probably have yielded the 
best temperature stability, with the series Colpitts as 
good but harder to adjust experimentally. 

Of the inductance-tuned VFOs the variometer VFO 
is an interesting antique; and the rotating-couplet 
VFO can be the most compact but yields a poor 
calibration curve. So far, air-core toroids are a disap¬ 
pointment in temperature behavior; one can make a 
practical VFO for portable use with an iron-core 
toroid and iron-vane tuning, especially if a second 
shield box is used. Frequent recalibration of a refer¬ 
ence point against a simple crystal frequency stan¬ 
dard is very helpful. Both iron-vane and copper-vane 
inductance tuning yield linear calibration curves. 

My experiments over a number of years have dem¬ 
onstrated that the home constructor can build a use¬ 
ful VFO for either fixed-station or portable use with¬ 
out resorting to precision variable capacitors. In 
these experiments, frequency drift with temperature 
was greater than might be desired, but I believe that 
future experimenters should be able to determine 
whether improvements can result from the use of 
conventional air-core solenoid coils along with induc¬ 
tance tuning. Also, I regret that frequency-stability 
tests were not made on the Seiler or series-Colpitts 
circuit with inductance tuning. So there is plenty of 
opportunity for future learning. 

The experimenter should certainly read the VFO 
references mentioned so far, besides many others, 
including Jim Fisk's early article 5 with its references 
going back many years. Bill Wildenhein's careful ex¬ 
periments 6 indicate that frequency drift can be con¬ 
quered. In performing experiments, bear in mind one 
fact, which caused Reed Easton3 to turn to a syn¬ 
thesis control technology: There are so many tem¬ 
perature-dependent variables that apparently identi¬ 
cal VFOs may have different drift characteristics. 
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linear-amplifier 


cost efficiency 

Consider 
gain per dollar 
rather than 
watts per dollar 
for a cost-efficient 
linear amplifier 


Many Amateurs ask the question, "Should I in¬ 
vest several hundred dollars in a linear amplifier and 
what good will it do me?" The watts-per-dollar 
criterion is misleading because signal gain at the 
receiver does not increase linearly with power in¬ 
crease. A more valid measure would be gain per 
dollar. This article shows that the greatest signal 
gain-per-dollar cost is obtained at some easily 
calculated level of amplification. Amplification 
beyond this optimal level should be avoided by the 
cost-conscious Amateur. 

background 

It's well known that the increase in signal strength 
resulting from an increase in power is determined by 
the following formula: 

P 2 

dB = 10 log — ( 1 ) 

where P l is the initial power level output and P 2 is the 
increased power level output. 

If we begin with Pj = 100 watts output from the 
exciter and increase the power in steps of 50 watts. 


the increase in signal strength will be (for P, = 100 
watts ) as follows: 


linear amplifier increase 


output (P 2 ) (dB) 

150 1.76 

200 3.01 

250 3.98 

300 4.77 

350 5.44 

400 6.02 


incremental 

(dB) 

1.25 

0.97 

0.79 

0.67 

0.58 


An increase in output from 100 to 150 watts will in¬ 
crease the signal by 1.76 dB. Notice that as power in¬ 
creases the gain also increases but in progressively 
smaller steps. This is true for any level of power input 
and amplification. Each increase in power output re¬ 
sults in a smaller increase in gain at an increased cost 
of energy and components. Clearly it's wise to stop 
short of the point where an increased cost would 
result in no significant incremental increase in signal 
strength. 

efficiency 

Most will agree that an increase in power will result 
in a greater cost of energy, components, insurance, 
space, and weight. We can define a cost-efficient 
amplifier as one that produces the strongest signal 
per unit power output, or the strongest signal per 
cost. In Pentagon terminology, a cost-efficient 
amplifier produces the "biggest bang per buck." 

For example, if two signals of identical strength are 
generated from two amplifiers, the cost-efficient 
amplifier would be the one costing less. Another ex¬ 
ample is to compare the signal received from two 
amplifiers of equal cost. The one producing the 
greatest gain would be the most cost efficient. 

Cost efficiency can be expressed mathematically: 

efficiency = ~ ,2) 


By Gary P. Cain, W8MFL, 2464 Hand Road, 
Niles, Michigan 49120 
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power input (PEP) 
gain (P, = 100W) 
price (1979) 
efficiency = 


gain 

price 


x 100 


DenTron 

1200 

1200 

10.8 

380 


2.9 


DenTron 

Clipperton 

2000 

13 

600 

2.18 


ETO 

Alpha 76A 

2000 

13 

1495 


.87 


ETO Heath Heath 

Alpha 770X 201 221 

4000 1200 2000 

16 10.8 13 

3995 385 569 


1200Z 


1000 

10 

500 


.4 2.8 


1500Z 

1500 

11.7 

600 


1.95 


This article assumes costs increase proportionally 
but not linearly with the power level of the amplifier. I 
attempted to compare the selling prices of various 
amplifiers and to compute their relative efficiency. 
This proved to be a futile effort because prices are in¬ 
fluenced by factors other than power, such as paying 
a premium for a name (Collins), paying for features 
not found on amplifiers of different manufacture, 
and not paying for costs of labor (Heath). 


What could be done, however, is to compare 
amplifiers of the same manufacturer. This was done, 
and in every case the increase in power was accom¬ 
panied by a commensurate increase in price and a 
decline in efficiency, where efficiency = gain divided 
by cost. 

Above are calculations of comparisons of ampli¬ 
fiers manufactured by DenTron, ETO, Heath, and 
Swan which demonstrate this thesis. 



energy, components, insurance, space, and weight of the 
linear amplifier, occurs when amplifier output is about three 
times that of the exciter. In other words. P 2 = 3P, where P 2 
and p, are the amplifier output and input power respectively. 


where costs increase proportionally to power level. 
Fig. 1 shows that the cost efficiency curve rises, 
levels off, and falls as a function of amplifier power. 
This is because of (a) the increasing costs that ac¬ 
company an increase in power, and (b) the progres¬ 
sively smaller incremental increases in dB. Each addi¬ 
tional dollar spent in power increases results in 
smaller and smaller signal increases. At some point 
the dB increase becomes insignificant but the costs 
continue to rise, resulting in reduced efficiency ( for 
Pj = 100 watts)'. 


linear amplifier increase 

output (P 2 ) (dB) 

150 1.76 

200 3.01 

250 3.98 

300 4.77 

350 5.44 

400 6.02 


1.500 

1.590 

1.590 

1.550 

1.500 


An examination of fig. 1 shows that optimal cost 
efficiency occurs when the linear amplifier output is 
approximately three times that of the exciter. 
Because we're speaking of the ratio of two power 
levels, optimal amplification of three times exciter in¬ 
put is true for all power levels. 


summary 

We've defined cost-efficient amplification as that 
which gives us the biggest bang per buck. This oc¬ 
curs when P 2 = 3Pp This won't give you the 
strongest signal on the air but it will give you the 
strongest signal per dollar. 

This definition of efficiency might be modified to 
consider other factors. For instance, a weight- 
efficient transmitter could be defined as one having 
the highest ratio of dB to weight, thereby being 
useful for comparing mobile or portable equipment. 

The cost-conscious Amateur should consider a 
linear amplifier that increases exciter output three 
times — all other things, such as the antenna, being 
equal. After this point, diminishing returns occur. 

ham radio 
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vhf techniques 


improved accuracy when 
measuring small inductances 
with a dip oscillator 

The time-honored method of measuring inductance 
has been to parallel the coil with a capacitor of 
known value, determine the parallel-resonant fre¬ 
quency with a dip oscillator, and calculate the induc¬ 
tance from the formula 

L = 4^C 

For small inductance values this method is, at 
best, approximate because of a) uncertain calibration 
of the oscillator frequency, b) normal tolerance of 
the capacitor value, and c) lead inductance of the 
capacitor, which adds to the inductance being meas¬ 
ured. The uncertainty of a can be eliminated by 
coupling a frequency counter to the dip oscillator 
when obtaining a dip. The effect of b can be mini¬ 
mized by using a 1 or 2 per cent capacitor, or by ac¬ 
tually measuring the capacitance on a bridge or 
equivalent instrument. The problem of capacitor lead 
inductance, which can amount to 10 to 20 nano¬ 
henries even with minimum lead length, is solved as 
follows. 

If suitable capacitance-measurment equipment is 
available: 

1. Prepare one side of a small piece of double-sided 
copper-clad board as shown in fig. 1. 

2. Clip off the leads of a dipped mica capacitor of 
any convenient value; 100 pF is suggested. 

3. Carefully crack the conformal case of the capaci¬ 
tor by gradually applying pressure in a bench vise and 
then picking off the case fragments; be sure not to 
loosen the end crimps of the denuded capacitor. 

4. Place the capacitor on the prepared board so that 
it straddles the bared strip, with the remainder of the 
leads facing upward, and solder the end crimps to 
the copper cladding. 

5. Clip the remaining leads from the capacitor. You 


now have a leadless capacitor, with only its structure 
contributing any inductance. 

6. Measure and record the capacitance between the 
two isolated sections of the board. (The measured 
capacitance will be greater than the capacitor value 
by approximately one-half the capacitance between 
the back of the board and either top section.) 

if you do not have access to capacitance-measure¬ 
ment equipment, follow steps 1 through 5 above, us¬ 
ing a small piece of single-sided copper-clad board. 
Assume the final capacitance to be the same as that 
of the capacitor. 

The coil to be measured can be soldered onto the 
board so that it bridges the bared strip, placing it in 
parallel with the capacitor with virtually no added 
series inductance. If you must use a single-sided 
board, be sure that it is placed on a non-metallic sur¬ 
face before dipping the L-C combination; otherwise 
an error will be introduced. 

Purists may want to use a chip capacitor to further 
reduce the parasitic inductance, but this is probably 
overkill at frequencies where a dip oscillator can be 
used. 

Wilkinson power dividers 

One of the accepted techniques used by Amateurs 
in up-conversion to the vhf through microwave re¬ 
gions is that of utilizing the same local oscillator (LO) 
for both transmitting and receiving. This requires 
either a coaxial relay to switch the LO from transmit 
to receive or a power divider. If the LO has sufficient 
power output to drive both the transmit and receive 
mixers, the power divider is the simpler approach. 
Such dividers are available commercially, but their 
price and that of a coax relay are comparable. 

An elegant solution, both technically and econom¬ 
ically, is to use a Wilkinson power divider. This handy 
circuit may be configured from discrete components 
or from transmission-line sections; the latter can con¬ 
sist of either actual coaxial line sections or microstrip. 
Regardless of the physical realization of the divider, it 
will provide two isolated outputs, at each of which 
one-half of the input power is available. 

Fig. 2 shows a Wilkinson power divider circuit us¬ 
ing lumped components that is useful to several hun¬ 
dred megahertz. The output R 0 is the impedance of 

By Robert S. Stein, W6NBI, 1849 Middle- 
ton Avenue, Los Altos, California 94022 
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each load (R L ) and that of the load impedance which 
the divider presents to the input source. The values 
of the components which make up the divider are 
calculated by using the following relationships: 


! = -J— 

2-irfRo 


C2 = 


Q1 

2 


LI 


= L2 = 


R 0 

2¥f 



fig. 2. Wilkinson power divider using discrete components 
is useful below 300 MHz. Component values are discussed 


R1 = 2R 0 

where / is the operating frequency in megahertz 
C is in microfarads 
L is in microhenries. 

For example, a 50-ohm system at 116 MHz, Cl is 
27.4 pF, C2 is 13.7 pF, LI and L2 are 68.6 nH, and R1 
is 100 ohms. Five per cent mica capacitors of 27 and 
13 pF may be used (although bridging to closer toler¬ 
ance is desirable), and the coils may be wound and 
measured using the technique described earlier. 

Normal vhf wiring practices of using short, direct 
leads should be followed. Space the two output con¬ 
nectors so that C2 and R1 may be connected be¬ 
tween them with minimum lead length. There should 
be no mutual coupling between LI and L2; at higher 
frequencies a shield between the coils may be 
necessary. 

Between about 300 and 1000 MHz, the values of 
discrete components become too small to be realiza¬ 
ble, especially the inductances, which tend to ap¬ 
proach transmission lines. Therefore a coaxial trans¬ 
mission line version of the Wilkinson divider is prefer¬ 
able, although it may be used at any lower frequen¬ 
cy, limited only by the amount of space physically re¬ 
quired by the line sections. This configuration is 
shown in fig. 3. As in the lumped-constant version, 
R1 = 2R 0 . The two coaxial transmission-line sec¬ 
tions, T1 and T2, are identical and are one-quarter 



fig. 1. Leadless mica capacitor soldered onto copper-clad 
circuit board material minimizes series lead inductance. 


wavelength long at the frequency of interest. The 
characteristic impedance, Z t , of each line section is 
determined from the expression: 

Z t = 1.414R a 
and the electrical length, d t , from 


where / is the frequency in megahertz and Vp is the 
velocity factor of the cable.* For a 50-ohm system, 
the calculated value of Z, is 70.7 ohms. Practically, 
any low-loss cable having a characteristic impedance 
between 70 and 75 ohms will prove satisfactory. 

It is essential to ground the coax shields at both 
the input and output ends. If BNC connectors are 
used, they should be UG-260/U flange types rather 
than the UG-1094/U threaded variety. This will per¬ 
mit the transmission-line sections to lie closer to the 
connector mounting surface and reduce the length 
of the ground lead at each end. In addition, by close¬ 
ly spacing the flanges of the two output connectors, 
the spacing between the center pins will be such that 
a half-watt resistor can be placed directly on the 
mounting surface ground plane and soldered to the 
connector pins with minimum lead length. 

At frequencies above 1 GHz, the circuit of fig. 3 is 
easier to construct using microstripline instead of 
coaxial cable. The length and width of the transmis¬ 
sion-line section will depend on the dielectric material 
and thickness in the copper-clad board. G-10 glass- 
epoxy board is is adequate below about 1.3 GHz, but 
becomes excessively lossy at higher frequencies, 
where Teflon or Duroid should be used. Reference 1 
contains the necessary information to determine the 
transmisssion-line dimensions when microstrip on G- 
10 board is to be used. 

Both the discrete component and coaxial line ver¬ 
sions of the Wilkinson power divider have been built 
for use at frequencies between 100 and 408 MHz. In 


* V, is 0.66 for solid polyethylene dielectric, 0.78 for foam polyethylene, and 
0.695 for Teflon. 
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each case the two outputs were balanced within 0.2 
dB, and the isolation between output ports exceeded 
20 dB. The VSWR looking into any port with the 
others terminated was 1.1:1 or less. 

terminating double- 
balanced mixers 

The use of the commercially packaged double-bal¬ 
anced mixers, such as those manufactured by An- 
zac, Mini-Circuits, Vari-L and others, has become 
commonplace in Amateur design. Their convenience 
and relatively good performance, insofar as inter¬ 
modulation products are concerned, make them use¬ 
ful in both transmitting and receiving upconverters. 

Without going into the details of intermodulation 
distortion, which has been covered extensively in 
published literature, 2 3 it is sufficient to state that the 
intermod specifications of double-balanced mixers 
can be attained only if at least two of the three mixer 
ports are terminated in 50 ohms at all frequencies. If 



divider. Parameters of the coax sections are covered in the 


only two ports are properly terminated, one of these 
must be the local oscillator input. Terminating the LO 
port is the easiest requirement to implement, since it 
entails only inserting a loss pad between the oscilla¬ 
tor and mixer. A 2 or 3 dB loss pad is generally suffi¬ 
cient to provide a match, since the oscillator output 
impedance will normally have been optimized for 
maximum output into 50 ohms, thereby making its 
source impedance very close to that value. 

Of the two remaining ports, the i-f output is the 
easier to match because it generally feeds an invari¬ 
able, narrow-band load. Many techniques have been 
devised to ensure that the mixer i-f output sees 50 
ohms at both the signal and the image frequencies, 
but most of them require two or more tuned circuits 


and 50-ohm terminating resistors. Another approach, 
suggested by Alan Podel (who designed many of the 
Anzac mixers), is to use a properly biased common- 
base amplifier following the mixer. This not only ter¬ 
minates the mixer output for all frequencies, but 
changes the gain of the mixer block from between 
- 6 and - 9 dB to one as high as +13 dB. 

Fig. 4 shows a double-balanced mixer directly 
coupled to a grounded-base NPN amplifier. (Note 
that a loss pad is connected between the local oscil¬ 
lator and the mixer LO input.) The input resistance of 
a grounded-base amplifier is approximately 28/l c , 
where l c is the collector current in milliamperes, 
Therefore if the collector current is set to 0.56 milli- 
amps with the 5 kilohm potentiometer, the mixer will 
see about 50 ohms at all frequencies. The desired in¬ 
termediate frequency is selected by means of the col¬ 
lector tuned circuit, LI and Cl. A regulated 12-volt 
supply is necessary to maintain a constant base cur¬ 
rent, and the 82.5k and 21.5k resistors should be 
metal film for temperature stability. The ubiquitous 
1N914 idiot diode is also included to save the tran¬ 
sistor in case of cockpit error (reversing the power 
supply polarity). 

The type of transistor used at Q1 depends on the 
intermediate frequency and the desired gain. The 
gain-bandwidth factor ( f T ) of the transistor should be 
eight to ten times the intermediate frequency for 
maximum stable gain. Transistors having the highest 
dc current gain (A FE ) at the lowest collector current 
will also yield maximum gain. In the circuit shown, 
the overall conversion gains from 432 to 28 MHz for 
several types of transistors, used with the same mix¬ 
er, are tabulated below. 

Q1 gain (dB) 

2N708 10.5 

2N3646 12.5 

2N3692 2.5 

2N3693 8.0 

The collector current may be monitored by insert¬ 
ing a low-range milliammeter between the 12-volt 
supply and the mixer-amplifier unit. Set the wiper 
arm of the 5000-ohm potentiometer to the ground 
end, which will cut off the transistor. The meter will 
thus read only the bleeder current drawn by the 21.5k 
resistor in series with the pot. Then adjust the pot so 
that the meter indicates the bleeder current plus 0.56 
mA. (The base current will also be measured, but it is 
negligible compared with the bleeder and collector 
current.) 

It should be noted that fig. 4 is not an error; the rf 
input signal is applied to the mixer i-f port, and the i-f 
output is taken from the rf port. This was done to 
provide a direct ground return for the emitter of Q1. 
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fig. 4. Schematic diagram of a double-balanced mixer with 
its 10 and output ports terminated. LI and Cl are resonant 
at the intermediate frequency; the text covers selection of 
the type of transistor. The mixer i-f and rf ports are reversed 
in this application. 

As shown in fig. 5, the dc path from the rf port is di¬ 
rectly through the transformer winding, but passes 
through the diodes from the i-f port. It can also be 
seen that an rf signal applied to either the i-f or the rf 
port will reach the same points in the diode quad with 
the same phase relationship. Therefore, except for 
the fact that the i-f port is usable down to dc, the two 
ports are interchangeable. As long as the desired in¬ 
termediate frequency is above the minimum usable 
frequency of the rf port, typically 0.5 to 5 MHz for 
500 MHz mixers, interchanging the ports has no effect. 

VSWR measurements 
below 450 MHz 

Measurement of VSWR using conventional slotted 
lines, such as those manufactured by Hewlett- 
Packard, GenRad, and General Microwave, is gener¬ 
ally restricted to frequencies above 400 MHz because 
of the line length limitation. However, another tech¬ 
nique is available which does not utilize anything 
more complicated than a signal generator, an SWR 
indicator (Hewlett-Packard model 415B or equiva¬ 
lent), and a resistive VSWR bridge. The use and ap¬ 
plications of the SWR indicator have been published 
previously. 4 The resistive VSWR bridge, which has 
been used by many vhf experimenters for several 
years, was described by Joe Reisert in his article on 
antenna matching. 5 Although that article covered 
use of the bridge only to achieve minimum VSWR for 
antenna matching, the bridge can be used to meas- 



fig. 5. Schematic diagram of a typical commercial double- 
balanced mixer. 


ure the VSWR of any device from 3 to 450 MHz with a 
reasonable degree of accuracy, and does not require 
any sophisticated test equipment for calibration. 

A few words are in order about the bridge, which 
is shown schematically in fig. 6. For best per¬ 
formance, resistors R1 and R2 must be matched to 
within one per cent, be virtually leadless, and should 
rest on a ground plane. The ground plane can be 
made of copper-clad board which has been notched 
to clear the connectors, and should be fastened in 
the enclosure just below the center pins of the four 
connectors. 

Fig. 7 shows the test setup for both calibrating and 
using the bridge. The signal generator must be mod¬ 
ulated at 1000 Hz, and must have sufficient output 
power to enable the SWR indicator to register 0 dB 
on its 30-dB range with J3 open-circuited or shorted. 
As large a pad as possible should be used between 
the signal generator and the bridge to keep the load 
presented to the generator as nearly constant as pos- 



fig. 6. Schematic diagram of the VSWR bridge described in 
reference 5. Resistors R1 and R2 must be matched within 
one per cent. Either Cl or C2 (not both) is used to compen¬ 
sate for capacitive unbalance. CR1 is a 1N82 or equivalent 
germanium diode. 

sible. If necessary, the sensitivity of the bridge may 
be increased by removing R3, which serves no useful 
purpose in this application nor in the one described in 
the original article. 

Before calibrating the bridge, the capacitive tab 
(Cl or C2) must be adjusted to yield a return loss of 
at least 40 dB at 450 MHz or at the highest frequency 
within your signal generator range, if less than 450 
MHz. (I use the term "return loss" to indicate the rel¬ 
ative balance of the bridge, as displayed on the dB 
scale of the SWR indicator meter, because it corres- 
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table 1. Calculated 
tive attenuators. 


of open or shorted 50-ohm resis- 


attenuation (dBI VSWR 

1 8.7 

2 4.4 

3 3.0 

4 2.3 

5 1.92 

6 1.67 

7 1.50 

8 1.38 

9 1.29 

10 1.22 


attenuation (dBI VSWR 

11 1.17 

12 1.13 

13 1.11 

14 1.08 

15 1.07 

16 1.05 

17 1.04 

18 1.03 

19 1.025 

20 1.02 

23 1.01 

30 1.002 


ponds to return loss in a directional coupler, although 
the terminology is not absolutely correct in regards to 
an unbalanced bridge.) After the 0 dB reference level 
has been set on the 30 dB range, connect a 50-ohm 
load of known accuracy to J3. Then probe, with a 
small strip of metal touching the ground plane, the 
area adjacent to the pin of J2 or J3, to determine if 
Cl or C2 must be added. Solder a copper or brass tab 
at that point and bend the tab for minimum indica¬ 
tion on the meter. If your load has a known VSWR of 
1.1, the meter should read at least 25 dB below the 
reference level; if the VSWR is 1.05, the reading 
should be down at least 35 dB. A really good 50-ohm 
termination will result in a return loss of more than 
40 dB. 

To calibrate the SWR meter dB scale in terms of 
VSWR obtained with the bridge, a set of known mis¬ 
matches is required. Since such mismatches are not 
readily available, unterminated or shorted coaxial re¬ 
sistive attenuators can be used instead. Table 1 lists 
the calculated VSWR for open or shorted attenuators 
of standard values. A shorted attenuator is prefer¬ 
able, because the short eliminates fringing in an open 
connector, but either is sufficiently accurate in this 
application. 

Because the bridge is an imperfect device, it is 
somewhat frequency sensitive. Fig. 8 shows the 
theoretical curve of VSWR plotted against return loss 
in dB, as well as a set of curves taken on my bridge at 
various frequencies, using shorted attenuators as 
mismatches. Note that at low values of VSWR the er¬ 
rors are minimal, but increase as the VSWR in- 



fig. 7. Test setup for calibrating and using the VSWR bridge. 
Known mismatches for calibration, or the device under test 
in actual VSWR measurements, are connected to J3. 



RETURN LOSS (dB) 


fig. 8. VSWR plotted against return loss for the VSWR bridge 
at several frequencies. Return loss is read on the SWR indi¬ 
cator shown in fig. 7. 


creases. Fortunately, this is what we would have 
hoped for. 

To make your own calibration curves, establish the 
0 dB reference level with J3 open, and determine the 
return loss for each known mismatch. It is also im¬ 
portant to record the signal generator output and 
modulation percentage used for each calibration 
curve. When actually using the bridge, the same out¬ 
put and modulation level should be used. Otherwise 
an additional error may be introduced because the 
bridge diode is not in its square-law region at the high 
signal level required to set the 0 dB reference. 
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a method for measuring 
inductance or 
capacitance 

Given a frequency counter and a 
calculator with buttons for square, re¬ 
ciprocal, and pi, there's an easy way 
to measure inductance in terms of a 
known capacitance, or a capacitance 
in terms of a known inductance. Fig. 
1 shows a complete setup for this 



fig. 1. Arrangement for measuring in¬ 
ductance or capacitance in terms of 
known values. £, B, C refer to emitter, 
base and collector of a transistor pair. 
Plug equation into a calculator to deter¬ 
mine the unknowns. Frequency is meas¬ 
ured with a counter. 

purpose. Inside the dotted enclosure 
is any sort of arrangement that will 
cause an inductance with parallel ca¬ 
pacitance to oscillate. Other arrange¬ 
ments may well be better for the pur¬ 
pose, but I like the one shown be¬ 
cause of its simplicity. Mounted in a 
small box, it is a handy gadget to 
have around as it will make almost 
anything oscillate. The letters E, B, 
C, refer to the emitter, base, and col¬ 
lector leads of a pair of transistors; 
those on the left are for one transis¬ 
tor, and those on the right for the 
other. The resistor value is far from 


critical. Anything over 1500 ohms will 
ensure that the battery drain will 
never exceed 1 mA. 

Whatever the arrangement used in¬ 
side the dotted enclosure, the proce¬ 
dure is simply to measure the fre¬ 
quency, fo, with the switch open and 
/ with the switch closed. Then use 
the calculator and the equation to de¬ 
termine L if C is known, or C if L is 
known. In the equation, frequency is 
in megahertz, inductance in millihen¬ 
ries, and capacitance in picofarads. 

The essential feature of the method 


audio-driven DSB 
generators 

One feature of a properly adjusted 
class-C amplifier is the linearity of its 
output power with respect to its input 



power. It should be applicable to 
many requirements if all the input 
power to the final stage of a DSB 
transmitter is provided by a high- 
power audio system, as suggested in 


capacitance of the oscillation-gener¬ 
ating device enters into the equation. 
So long as the latter does not change 
when the switch is operated, the re¬ 
sults should be quite accurate. 

Of course a little common sense 
should be used. Don't make Co too 
large compared with C, or the fre¬ 
quency change will be too small for 
accurate measurement. On the other 
hand, if Co is too small compared 
with C, the frequencies will be so dif¬ 
ferent that the effect of the device 
may change as the switch is oper¬ 
ated. With these extremes avoided, 
the measurement should be indepen¬ 
dent of the value chosen for Co- Also 
look out for the effect of hand capaci¬ 
tance and oscillator drift. Open and 
close the switch several times to 
make sure the frequency readings 
repeat. 

The method would hardly be prac¬ 
tical without the counter and the cal¬ 
culator, which may be why I've never 
seen it described before. 

Walter van B. Roberts, 
W2CHO/K4EA 


fig. 2. Suggested typical audio-driven DSB generator. 


fig. 2. Simple isn't it? No crystal fil¬ 
ters, no phasing networks, and prac¬ 
tically no standby power consump¬ 
tion. Great for portable operation! 

So, why should one even consider 
DSB when every ham knows that SSB 


is better and uses less space in the rf 
spectrum? But wait a minute! Every¬ 
thing has its application — SSB for 
the crowded hf bands, of course; but 
on the higher-frequency bands 


is that neither the value of Cq nor the 
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there's a lot more room. And DSB can 
be received with phase-lock detec¬ 
tion, which will provide AFC action — 
ideal for the probable channelized 
operation. When {and if) CB surfaces 
on frequencies in the hundreds of 
MHz, it will almost certainly be of a 
channelized nature, and AFC will 
probably be a requirement. 

There are at least three different 
methods of receiving DSB. One is to 


use sharp filtering, which eliminates 
one sideband, and then treats the re¬ 
maining signal as though it were SSB. 
Another involves phase-reversal tech¬ 
niques. When polarity reversals of the 
modulating frequency produce phase 
reversals of the rf signal, a corre¬ 
sponding phase reversal in the detec¬ 
tion process will compensate, result¬ 
ing in normal signals. 

The third, and somewhat simpler 
method, is to phase lock an oscillator 
to the sideband signal on twice the i-f 
of the missing carrier. The oscillator 
signal can be divided by two with a 
simple diode circuit, and there's your 
carrier for re-insertion. This last meth¬ 
od also results in the AFC effect pre¬ 
viously mentioned. 

Perhaps with the approach of more 
and more channelized operation as 
the higher-frequency bands are ex¬ 
ploited, it would behoove us to inves¬ 
tigate this little-used mode of trans¬ 
mission. 

If you must use SSB, however, a 
power-efficient transmitter can be 
made by combining two of these DSB 
generators with appropriate phasing. 
Methods of doing this have been 


amply covered in the literature during 
the last twenty-five years and are not 
repeated here. 

There is, however, an interesting 
angle I've not seen and which could 
have applications as a high-power 
emergency CW transmitter. The joker 
is that two-phase power would be 
needed, but an arrangement similar 
to fig. 3 should provide a respectable 
dc note when the input to the final 


amplifier is ac, direct from the mains! 
Saving the cost and weight of the 
rectifier and filter system just could 
be the deciding design consideration 
for some applications. It's worth 
thinking about. 

Henry S. Keen, W5TRS 


tuning aid for crystal- 
controlled vhf receivers 

Aligning a crystal-controlled 2- 
meter or commercial high-band re¬ 
ceiver using a VFO-based signal gen¬ 
erator is tedious and exasperating 
because of generator drift and the dif¬ 
ficulty of setting the exact frequency. 
For occasional use, the obvious alter¬ 
native, a synthesized generator, is 
usually prohibitively expensive. 

If one is available, a Regency The 
Touch synthesized scanner (Model 
ACT-T-16K) serves as a good substi¬ 
tute. The local oscillator in The Touch 
is 10.7 MHz below the programmed 
receive frequency on two meters and 
high band, and incidental radiation 
from the LO is audible at a distance of 
30-40 feet (9-12 meters) on a tuned 


handheld with a rubber duck anten¬ 
na. Thus, for a signal at 146.52 MHz, 
program in 146.52+10.7 or 157.22 
MHz. 

The Touch's priority feature pro¬ 
vides an added bonus: If a nonpriority 
channel is used and the priority fea¬ 
ture enabled in the manual mode, the 
periodic priority channel check gives 
a switched carrier with a distinct 
"chugging" sound that's easy to hear 
and tune to. 

Without alteration of The Touch 
coupling is by radiated signal, and 
attenuation is provided by changing 
the distance. People in the area will 
affect received signal strength, so 
stand still while tuning. 

The signal provided by The Touch 
this way will be delightfully stable and 
accurate enough for tuning. It will not 
usually provide a perfect frequency 
adjustment, but it will normally bring 
the receiver close enough to hear the 
repeater or base station for a final fre¬ 
quency tweak from the actual source. 

David McLanahan, WA1FHB 


no-adjust bias 
for VLF dip meter 

When building the VLF dip meter 
converter described in the August, 
1979, ham radio, it is possible to re¬ 
place R2 with a fixed RC circuit. This 
modification, shown in fig. 4, pro¬ 



vides no-adjust bias without sacrific¬ 
ing gain. In fig. 4 the node between 
4001A and 4001B automatically ad¬ 
justs to the switch threshold of the 
first gate. Inherent matching in the 
chip means it also will be very close to 
the second gate's switch point. 

Anthony L. Carson, WB3IDJ 
Baltimore, Maryland 21234 
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products 


new nine-band amateur 
transceiver has new 
WARC bands 

The new Ten-Tec Delta transceiver 
is the answer to your wishes and de¬ 
sires — a transceiver capable of cov¬ 
ering the new WARC bands at 10, 18, 
and25 MHz, packaged in a handsome, 
small enclosure, and available at an 
affordable price. Delta is equally at 
home in the car or at home on SSB or 
CW, RTTY, or SSTV. Delta has all of 
the features you have come to expect 
from a Ten-Tec transceiver, and 
more. 

It covers 160 through 10 meters in 
nine bands; 10.0 to 10.5 MHz band is 
fully operational on transmit and re¬ 
ceive as received. The 18.0 to 18.5 
MHz and 24.5 to 25.0 MHz bands are 
fully incorporated except for acces¬ 
sory plug-in crystals, available when 
these bands open to Amateurs. Delta 
has QSK — instant break-in. It is all 
solid state, and uses basic 13 Vdc cir¬ 
cuits. Another Delta feature is wide¬ 
band, no-tune final amplifier and 
receiver front end. Delta has new sty¬ 
ling and small size; 4-3/4 x 11-3/8 x 
15 inches. The new Model 280 Power 
Supply comes with over-voltage and 
over-current protection. 

Other features are built-in VOX and 
PTT, built-in notch filter, hang age for 
smooth operation, three selectivity 
responses to choose from, with op¬ 
tional 500 Hz, six-pole ladder i-f filter 
for CW. Delta also has a built-in, 20- 
dB receiver attenuator, excellent re¬ 
ceiver dynamic range, and a full line 
of accessories is available. 


For more information and complete 
specifications, see your nearest Ten- 
Tec dealer, or write Ten-Tec, Inc., 
Sevierville, Tennessee 37862. 

new high-frequency 
relay from Dow-Key 



Dow-Key Division of Kilovac Cor¬ 
poration announces the availability of 
the Model 401-230832, single-pole, 
double-throw coaxial relay. The new 
relay is designed for excellent rf per¬ 
formance in microwave systems to 18 
GHz and for operation in severe envi¬ 
ronments. The 401-230832 is a fail¬ 
safe relay, remotely actuated by a 28- 
Vdc, 475-ohm coil with a maximum 
operate time of 20 ms at 20°C. A bal¬ 
anced actuator mechanism provides 
very good tolerance to shock and vi¬ 
bration. Auxiliary contacts are pro¬ 
vided for remote position-indicator 
circuits. 

The 401-230832 can carry 10 watts 
of rf power at 18 GHz with isolation 
greater than 60 d8, insertion loss less 
than -0.5dB, and VSWR 1.5:1, max¬ 
imum. At 1 GHz, VSWR is less than 
1.05:1, isolation is greater than 80 dB, 
insertion loss is less than 0.1 dB, and 
the maximum operating power is 75 
W. At lower frequencies, the 401- 
230832 is an excellent choice for high 
isolation with low VSWR and insertion 
loss. The maximum power capacity 
of the relay is 200 watts up to 200 
MHz. Typical applications include 
switching of antennas, components, 


receivers, and instruments in radar 
and communications. 

Small quantities are available from 
stock. The price is $140 each for 
quantities of one to four pieces. For 
complete information contact Jack 
Dysart, Product Line Supervisor, 
P.O. Box 4422, Santa Barbara, Cali¬ 
fornia 93103. 

Heath's new HM-2141 
dual meter vhf 
wattmeter 

Heath Company, the world's lead¬ 
ing manufacturer of electronic kits, 
has announced the introduction of a 
new dual-meter vhf wattmeter for the 
Radio Amateur. The new HM-2141 
monitors both forward and reflected 
power simultaneously, between 50 
and 175 MHz. 

According to Heath, the HM-2141 
measures forward and reflected aver¬ 
age power, forward and reflected 
peak envelope power (PEP), and 
standing wave ratio (SWR). The dual¬ 
range meter gives simultaneous read¬ 
ings of transmitted output up to 
30/300 watts forward, and 10/100 
watts reflected power for complete 
ease of antenna tuning. 

Heath specifications give this Dual 
Meter kit an average forward accu¬ 
racy of ±7.5 per cent of full scale. It 
reads SWR directly from 1:1 to 3:1. 
The factory-assembled and calibrated 
sensor can be mounted inside the 
4-1/8 x 7-1/2 x 6-3/8 inch cabinet 
or separately. The HM-2141 can be 
powered by a 9-volt battery or on 120 
Vac using the optional PS-2350 con¬ 
verter. The 9-volt battery is required 
for PEP operation only. 

Mail order priced at $74.95, F.O.B. 
Benton Harbor, Michigan, the HM- 
2141 is featured, along with other 
Amateur gear and nearly 400 kits you 
can build yourself, in the latest 
Heathkit catalog. For a free copy 
write Heath Company, Department 
350-130, Benton Harbor, Michigan 
49022. Free catalogs are also avail¬ 
able at Heathkit Electronic Centers 


74 QS july 1980 



(Units of Veritechnology Electronics 
Corporation), listed in your telephone 
white pages. 

Heath, is a subsidiary of Zenith 
Radio Corporation. 


Micronta power 
inverters 



Just introduced by Radio Shack 
are two new Micronta power invert¬ 
ers for converting 12 Vdc and 120 Vac 
to power ac appliances from your car, 
boat, or recreational-vehicle battery. 

The 300-watt inverter is said to be 
capable of powering color TVs, elec¬ 
tric typewriters, small hand drills, 
sewing machines, and many other 
items requiring no more than 300 
watts continuous power. The 100- 
watt inverter is suitable for powering 
small TV sets, electric razors, transis¬ 
tor radios. Amateur and CB two-way 
radio equipment, and other small 
appliances. 

Both inverters feature a NORMAL/ 
BOOST switch to provide extra power 
to compensate for low battery-input 
voltage. Automatic overload protec¬ 
tion causes the inverters to turn 
themselves off if overloaded. Cir¬ 
cuit breaker automatically resets 3-4 
seconds after the overload has been 
removed. 

Full-load input current is given as 
25 amps for the 300-watt model; 12 
amps for the 100-watt inverter. 

The Micronta 300-watt power in¬ 
verter is priced at $79.95; 100-watt in¬ 
verter, complete with cigarette lighter 
plug, is priced at $39.95. 

Micronta power inverters are avail¬ 
able exclusively from participating 


IC Keyer 


The World’s Greatest Sending Device 



Adjustable to Any Desired Speed 

Now available from Palomar Engineers — the new 
Electronic 1C KEYER. Highly prized by professional 
operators because it is EASIER, QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease CLEAR, CLEAN-CUT 
signals at any desired speed. Saves the arm. Prevents 
cramp, and enables anyone to send with the skill of an 
expert. 

SPECIAL RADIO MODEL 

Equipped with large specially constructed contact points. 
Keys any amateur transmitter with ease. Sends Manual, 
Semi-Automatic, Full Automatic, Dot Memory, Dash 
Memory, Squeeze, and iambic — MORE FEATURES 
than any other keyer. Has built-in sidetone, speaker, 
speed and volume controls, BATTERY OPERATED, 
heavy shielded die-cast metal case. Fully ADJUSTABLE 
CONTACT SPACING AND PADDLE TENSION. The 
perfect paddle touch will AMAZE you. 

Every amateur and licensed operator should know how to 
send with the 1C KEYER. EASY TO LEARN. Sent 
anywhere on receipt of pric e. Fre e brochure sent on 
request. gj 

Send check or money order. 1C KEYER $117.50 in U. S. and 
Canada. Add $4.00 shipping/handling. Add sales tax in 
California. 

Fully guaranteed by the world’s oldest manufacturer of 
electronic keys. ORDER YOURS NOW! 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone; [714] 747-3343 
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the 

Ultimate 

1:1BALUN 


• Lets your antenna radiate—not your coax 

• Helps light TVI—no ferrite core to saturate or 
reradiate 

• Rated 5 KW peak—accepts substantial mis¬ 
match at legal limit 

• DC grounded—helps protect against lightning 

• Silver plated hook-up braid; Custom molded case 

• Amphenol" connector; Rubber ring to stop water 
leakage 


Radio Shack stores and dealers, 
nationwide. 


IC-2A hand-held 
2-meter rig 


Model ZA-1 3.5-30 m 
Model ZA-2 optimize! 


Available at selected 
dealers, add $2.00 
postage and handling 
inU.S.A. 

WRITE FOR LITERATURE 


BencHefunc 


I PAY CASH 

for your military surplus electronics 
If you have or know of availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 
Dave - (213) 760-1000 


WE HAVE A NEW NUMBER FOR YOU 



The P-J SERIES is a Qualily PIPO ■* 
COMMUNICATIONS Touch- 
Tone ‘ Encoder consisting of a 
separate keyboard and T differ- 





<pipo Communications 


Icom is proud and excited to an¬ 
nounce the availability of their com¬ 
pact 800-channel IC-21 hand-held rig. 

The IC-2A will be marketed in three 
basic packages: 

IC-2A with alkaline battery pack; 
IC-2A with NiCd pack and wall 
charger; 

IC-2A with NiCd pack, wall 
charger, and built-in tone pad. 

The NiCd pack (IC-BP3), and 
Charger (BC-25UO), is available sepa¬ 
rately. The Alkaline Pack (IC-BP4) 
without batteries is also available. 
The tone pad is a user-installable, 
plug-in option. Price and availability 
of additional options, including 
speaker-mic, drop-in desk charger, 
and leather case will be announced 
shortly. All IC-2As are supplied with a 
flexible rubber antenna and a belt 
clip. 


is is on Quality & Reliability 
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We are sure that the IC-2A, with its 
extremely compact size, unique slip- 
on battery pack, and its easy-to-un- 
derstand operational features, at a 
price significantly below that of any 
others in the industry, will be a most 
popular item. 

In addition, the IC-502A is now 
available. Similar to the IC-502, it in¬ 
corporates a fine-tuning control to 
provide excellent band spread in an 
economical 6-meter portable rig. See 
your nearby Icom dealer, or write 
Icom America, Inc., 2112 116th Ave. 
N.E., Bellevue, Washington 98004. 

free Heathkit 
winter catalog 

The new 104-page Heathkit winter 
catalog describing the latest in elec¬ 
tronic kits is now available from 
Heath Company, Dept. 350-200, Ben¬ 
ton Harbor, Michigan 49022. 

The free catalog lists nearly 400 kits 
for home, work, and pleasure, includ¬ 
ing the latest in home computers, color 
TVs, Amateur Radio, audio compo¬ 
nents, precision test instruments, 
educational self-instruction pro¬ 
grams, and innovative electronic 
devices for the home. 

In this catalog. Heath Company is 
introducing foreign-language self-in¬ 
struction programs for the first time. 
Heath claims that now anyone can 
learn Spanish, French, German, or 
Italian in the comfort of his own 
home with these new programs. 

The foreign-language programs are 
aided by a special electronic trans¬ 
lator that displays the spelling and 
at the same time pronounces the 
foreign-language equivalent of the 
word entered in English. 

The catalog also introduces new 
self-instruction programs in statistics, 
and, for the Amateur Radio buffs, a 
new high-gain, tri-band antenna. 

The complete catalog is available 
free by writing Heath Company, Ben¬ 
ton Harbor. Michigan 49022. Heath 
Company, the world's largest manu¬ 
facturer of electronic kits, is a subsid¬ 
iary of Zenith Radio Corporation. 



satellite channels 3.7-4.2 GHz band. Standard dual 
audio outputs provided at 6.2 and 6.8 MHz. Other 
available. 


FULLY TUNABLE 

Covers all satellite channels 
3.7-4.2 GHz band. 

DUAL AUDIO OUTPUTS 

6.2 and 6.8 MHz audio standard 

Others available. 

EASY TO USE 
Simple tuning 
Built-in LNA power supply 
Output levels compatable with 
video monitor or VTR input. 


The ICM TV-4200 Satellite 
Receiver is completely assembled and includes power supply, 
tuner control circuitry and power cable. Available now. 
Shipping Weight 12 lbs. 

PRICE $1,995 1-9 QUANTITY 


OPTIONS (Availability lo be announced! 

AFC 

Remote tuning 

Additional audio frequencies 

DIMENSIONS 

4K 2 H x 14!4W x 12D 



□EDuO 


INTERNATIONAL CRYSTAL MANUFACTURING CO., INC. 
10 N Lee. Oklahoma City, Oklahoma 73102, 405-236-3741 
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Seven* new 
finger talkers 



from CURTIS 

* EK-480: C MOS Deluxe Keyir. *134.85 

* EK-4B0M; Above plus apaadmeler. 148.95 

* 1-480; InetrucloMale . 124.95 

* M,4B0; MimaryMata . 124.95 

* IM-480: Inatructo-MemoryMile . 179.95 

* KB4BO; Maria KaybaardMala . 199.85 

* KB-4800: Maria Keyboard . 349.95 

8044; Kayer-On-A-ChlpiRipiim 30«|. 14.95 

Apr 75 HR. Fib 76 OST. flidlo Hdbk 75. ARRl Hdbk 77-78 
B044-3; 1C. PCB. Socket. Manual . 24.95 

8044- 4; Semi-Kit . 54.95 

8045: Morse Kayboard-On-A-Chlp 1C . 59.95 

8045- 1; 1C. PCB. FIFO. Sockets. Manual . 89.95 

8045-2; Saml-KII . 159.95 

B04B; Inatructokayar-On-A-Chlp 1C . 49.95 

8048-1; Seml-KIt . 79.95 

8047: Meuage Mamory-On-A-Chlp 1C . 39.85 

8047-1; 1C. PCB. RAM. Sockets. Manual . 69.85 

lidd SI.75 on ibovi lor poiUgi md lundllngl 
IK440A: Instructokayer |Mar '78 QST) . 224.85 

S Curlii Eleatro Devices. Inc. 

QipLH ^ 1415)4047223 


NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 



MARYLAND: The Maryland Hamfesl sponsored by the 
Baltimore Radio Amateur Television Society (BRATS) 

Fairgrounds, West Friendship. Activities begin at 8 a.m. 
EST. Talk-in on 63/03.16/76, and 52 simplex. For informa¬ 
tion write: BRATS, Box 5915, Baltimore. MD 21208. 

ILLINOIS: The Belvldere Big Thunder Amateur Radio 
Club will hold its Hamle&t al the Boone County Fair¬ 
grounds on Sunday, July20lh In Belvldere. Large indoor 
facility and plenty of outdoor space available. Camping 

available at 6 p.m. Saturday, Talk-in 146.52 and 147.375 

Repealer. For advance tickets ($1.50), write: Mike 

George, 6159 Broadview, Belvldere, Illinois 61008. 
PENNSYLVANIA: The South Hills Brass Pounders and 
Modulators Hamfest. Sunday. August 3rd, on the South 
campus ol Allegheny Community College, south of 
Pittsburgh. Large indoor, air conditioned facilities, 
plenty of outdoor flea market area. Dealers. Ilea market, 
forums, lood, prizes — doors open 11 a.m. Talk-in on 
146.13 and 52 simplex. More information contact: Doug 
Wilson. WA3ZNP, 185 Orchard Ave.. Emsworth, PA 
15202. 


ARKANSAS: The Arkansas Army MARS Convention will 
be held in Blythevllle on July 19th and 20th at Ihe Nation¬ 
al Guard Armory, highway 61 South. Registration is $7.50 

Talk-In on 148.01 and 07/67. For more Information con¬ 
tact: Richard Duncan, WB5CNV/AAR6SR. 209 Wilson St., 
Dell, Arkansas 72426. 

PENNSYLVANIA: The Two Rivers Amateur Radio Club's 
Hamfest. Sunday. July 20th at the Penn State University, 
McKeesport Campus. McKeesporl. Outside Flea Market 

available — free admission °Talk*ln *00 146.22/82 MHz. 
For more info write: Gregory Lesko, Two Rivers A.R.C., 
McKeesport, PA. 

WISCONSIN: The South Milwaukee Amateur Radio 
Club’s "Swaplest W will be held on Saturday. July 12th 
from 7 a m. to 5 p.m. at the American Legion Post #434, 
9327 Shepard Ave., Oak Creek. Parking, picnic area, lood 

info write: S.M.A.R.C.. P.O. Box 102, South Milwaukee, 


SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 
Now available in KIT FORM - 
GLB Model 200 MINI SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 
We welcome Mastercharge or VISA 

GLB ELECTRONICS 

1952 Clinton SI., Buffalo, N. Y. 14206 


ONTARIO: The Burlington Amateur Radio Club is spon 
soring the Ontario Hamlesl 1980 on Saturday, July 5th at 
the Milton Fairgrounds, Burlington. General Admission 

hee 2 Camp?ng a and food available 7 Talk-In om'vEO/RSB 
147-81, 147-21. Write: B.A.R.C.. Box 836, Burlington, 
Ontario, Canada L7R 3Y7. 

MAINE QSO PARTY: Sponsored by the Portland 

1600Z, July 19lh lo 2000Z July 20th. CW and Phone counl 
as same contest - stations may be contacted once on 
each band and mode. Logs should show date/time In 
UTC, band and emission. Logs and summary sheet due 
by Sept. 1st. Suggested frequencies: CW: 1805, 3560, 
7060, 14060, 21060, 28060: SSB: 1815. 3930, 7280, 14280, 
21380, 28580; Novice: 3725, 7125, 21125, 28125. Write: 

tlon. P.O. Box 1605, Portland, ME 04104. 


RADIO 

WAREHOUSE 


No Frills, Just Low Prices 

HRl ■» m “ 

TEN-TEC OMNI-D 


9 545 95 

KENWOOD TS-520 SE 


ICOM 1C-255 A ‘SOS 95 

HM-8 TOUCHTONE® MIKE ‘34 M 


# 199 95 ICOM 
IC-2A “TALKIES” 

Call or Write for Quote 
All Major Brands 


P.O. BOX 2728 
DALLAS, TX 75201 
Telephone: (817) 496-9000 



TUBESTERS 


Plug-in. solid state tube replacements 

• S-line performance-solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage. CA 95481 (707) 462-6882 




DIPOLE /ANTENNA CONNECTOR 



BUDWIG MFG. Co. n^tajouM 


NEW ELECTRONIC PARTS 


Brand name, first line components. Stocked in 
depth. 24 hour delivery- Low prices and money 
back guarantee on all products we carry. 

STAMP BRINGS CATALOG _ 

Daytapro Electronics. Inc. 

3029 N WILSHlRE LN„ ARLINGTON HTS , ILL 60004 
_ PHONE 312-870-0555 _] 
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Observations 
& Comments 


Living things change and ham radio is no exception. Since the passing of Editor-in-Chief Jim Fisk, 
I have been asked to take over his editorial page, at least during this difficult transition period. His is 
not an easy act to follow. Jim was close to the pulse of Amateur Radio, its problems, and the direc¬ 
tion in which it's going. Jim did a superb job, and certainly all active Amateurs benefited by Jim's 
"second look." 

My job is to try to carry on the precedent set by Jim in illuminating issues that affect Amateur 
operating, technology advances, and the future. I'm not as close to the immediate issues of Amateur 
Radio as Jim was, but that's going to change. I'll have to educate myself so that I can carry on ham 
radio's editorial page in the established tradition. I ask the support of readers in bearing with me. 

I'd like to introduce in observations and, comments some contributions by Amateurs who have 
something constructive to say. This material will reflect your ideas, problems, and what to do about 
them. If your contribution is positive, it could end up as a guest editorial. Here are some ideas: 

Much has been published on FCC proposed rule making affecting Amateurs. If such PRM would 
have an impact on your sphere of interest, we'd like to hear about it. Give us the pros and cons from 
your point of view. If your contribution is in the best interest of Amateur Radio, we'll print it in 
observations and, comments. 

Do you have a club? We'd like to know about the problems you may have encountered in running 
a ham club so that others may benefit. What about a club paper? How do you run yours? 

Say you're a contest operator. What can be done about the selfish attitudes of those who interrupt 
contest operation? 

You've run across a new adaptation of current 1C technology. Let's hear about it. Can it be 
adapted to Amateur Radio? 

You don't like the restrictions on satellite communications. Why not? Do you have a better 
solution? 

What about slow-scan TV and interference by SSB operation? The upper end of the 20-meter band 
is a good example. Is time-sharing the answer? 

These are just a few ideas that come to mind. Others are welcome from our readers and will cer¬ 
tainly be considered. 

The object of this column is to present ideas and comments from our readers that will provide a 
positive thrust forward for other Amateurs. Reader contributions will be supplemented by editorial 
comment on current issues and their relationship to Amateur Radio. The idea behind this column is 
to present an image of what our readers think. Let's hear from you. 

Alf Wilson. W6NIF 
technical editor 
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comments 

i 

Hr 

surplus tubes 

Dear HR: 

The comments by KB5EY and 
W6SAI in the December issue were 
very interesting. I, too, have a collec¬ 
tion of 813 tubes and presently use 
one on 75 meters. I am building a 
near-kW transmitter which will use 
two inaclass-C final. 

But let me say something about 
those surplus, commercial and mili¬ 
tary, tantalum plate triodes, like the 
100-TH and the 250-TH. They were 
advertised by Eimac many years ago 
as "gas-free." They can be bought 
(without warranty) for one or two 
dollars each at club auctions and flea 
markets, This is definitely not a 
"wad" of money. Interestingly, forty 
years after manufacture these tubes 
are still "gas-free." If not abused, and 
such abuse is readily discerned visual¬ 
ly, they will perform as per specifica¬ 
tions. I am now using a pair of Heintz 
and Kaufman HK-24 tubes that were 
made in 1939 in a class-C final on ten 
meter FMI NoTVI, either. 

My present collection includes 
such gems as the 35-T, 100-TH, 
250-TH, and 450-TH — with spares. 
With these tubes 70 per cent (or 
more! efficient single-band class-C 
finals are planned. What old timer 
can deny the romance of ham radio 
that comes from a room softly il¬ 
luminated with the glow from those 
tungsten filaments, and the nearly- 
white hot plates of a pair of (quite) 
fully loaded tantalum plate triodes? 

Byron H. Kretzman, W2JTP 
Huntington, New York 


speech processors 

Dear HR: 

I read with interest the letter by 
Walter Schreuer of Maximilian Asso¬ 
ciates and the reply by Wes Stewart 
concerning his split-band speech 
processor. Since I have done some 
comparative on-the-air testing of the 
two designs, I think that my findings 
will be of interest. 

For my tests, I used three different 
speech processors: a Vomax, a N7WS 
split-band, and a quasi-logarithmic 
audio clipper. All three units were 
connected to a switching system that 
allowed instantaneous switching of 
the various units between the trans¬ 
mitter and microphone. The units 
were adjusted to provide the trans¬ 
mitter with an equal amount of drive 
measured by observing the metered 
ALC level. 

Various tests were run with some 
of the local fellows on 10 meters as 
well as with DX stations on several 
bands. At the beginning of the con¬ 
tact, I explained the test I was about 
to run and asked the operator to note 
his preference, which unit he thought 
sounded the best, as well as which 
provided the most signal "punch." 
First, a transmission was made with 
no audio processing to be used by the 
receiving station as a reference. The 
three speech processing units were 
designated A, B, and C, and the sta¬ 
tions were not told which was which 
until the test sequence was com¬ 
pleted. 

A test run was made by using unit 
A, then unit B, then unit C; in be¬ 
tween testing the units I switched 
back to a "No Processing" mode for 
comparison. By keeping a record of 
these tests, I found that approximate¬ 
ly 90 per cent of the stations preferred 
the N7WS design split-band proces¬ 
sor. Operators who preferred the 
N7WS design said that although 
there was as much — or slightly more 
— than average power output with the 


Vomax, the N7WS design sounded 
"crisper." Monitoring my signal with 
a separate receiver, it sounded to me 
as though the Vomax suffered from a 
highly restricted audio bandwidth, 
with the most notable point being the 
lack of low frequencies. 

I've heard others on the air using 
the Vomax, and it seems that, while 
some operators sound excellent, 
others suffer from the same problem I 
observed during my tests. This leads 
me to conclude that the microphone 
audio response and/or timbre of the 
operator's voice will determine the 
audio quality when using the Vomax. 
(I should point out that only one 
Vomax unit was available for these 
tests; I would have liked to have been 
able to obtain another unit to see if it 
had the same characteristics.) The 
quasi-logarithmic processor, while 
contributing punch to the signal, did 
not fare well during these tests when 
compared with the other units be¬ 
cause of its high percentage of dis¬ 
tortion, 

I make no claim that these tests 
were scientific or definitive; they 
were conducted only to satisfy my 
personal curiosity. 

Gale A. Steward, K3ND 
Quakertown, Pennsylvania 

speed of light 

Dear HR: 

I would like to comment on the 
paper published in January, 1980 
issue by Harold Tolies, W7ITB, re¬ 
garding the speed of light. The 
measurement of the speed of light is 
a difficult task to accomplish, at best, 
to the precision quoted today. It 
should be noted that the speed of 
light has been given to at least six 
places since before 1930, i.e., 2.99796 
x 108 meters per second (m/s). This 
value has, so to speak, converged to 
2.997924580 x 108 m /s as recom¬ 
mended by the Committee on Data 


6 IBB august 1980 



for Science and Technology, and the 
International Council of Scientific 
Unions (CODATA-ICSU) in 1973. The 
principal improvement in the knowl¬ 
edge of the speed of light has been 
the reduction in the measurement un¬ 
certainty from 4000 m/s in 1929, to 
1000 m/s in 1951, to 100 m/s in 1963, 
to 1.2 m/s in 1973. Surely four parts 
per billion is adequate for ham radio 
work I 

It should be noted that these 
speeds are in vacuum. When light 
propagates through any material 
(e.g., air), its speed is reduced by a 
factor of one over the material's index 
of refraction. The index of refraction 
of air, for example, is dependent on 
the temperature, pressure, and fre¬ 
quency of the EM radiation on a 
"point-by-point" basis (for most rf 
work, electron density distribution in 
the atmosphere plays a significant 
role!, from which one can (reason¬ 
ably) infer that the speed of an EM 
wave varies over the path of propaga¬ 
tion. Finally, I suggest that we and 
Mr, Tolies not despair about c and 
simply use 3 x 10 8 m/s, which is 
good to 0.07 per cent; this value is 
adequate for all Amateur Radio re¬ 
quirements. 

R. Barry Johnson, W4MLM 

Rancho La Costa, California 

receiver dynamic range 

Dear HR: 

WB6CTW is to be complimented 
for his fine article on measuring re¬ 
ceiver dynamic range in the Novem¬ 
ber, 1979, ham radio. His technique 
makes it possible for the average 
Amateur to make meaningful meas¬ 
urements with homebrew equipment. 
WD6FMG, N6ST, and I have been 
using Hewlett-Packard signal genera¬ 
tors to perform similar measure¬ 
ments. Based on our experiences, I 
would like to offer several comments 
on this subject. 

1. The measurement of dynamic 
range for either third-order intermod¬ 
ulation (undesired mixing of two in¬ 


terfering signals) or gain compression 
(overload by one interfering signal) is 
not particularly sensitive to the exact 
difference in the frequencies of the 
signals. Any difference between 20 
and 100 kHz can be used. If the sig¬ 
nals are too close together, i-f skirt re¬ 
jection or local oscillator noise side¬ 
bands confuse the measurements; if 
they are too far apart, the rf preselec¬ 
tor attenuates one or both of the 
signals. 

2. Various receivers will show some¬ 
what different results if tested on dif¬ 
ferent bands. Just the same, if all of 
the receivers in Table 1 of the article 
were tested on 40 instead of 20 
meters, the ranking would probably 
be similar. Therefore, the cost of the 
crystals for the two oscillators could 
be saved by using some Novice band 
crystals from the junk box. 

3. When performing the two-tone 
test, misleading measurements may 
be obtained with some receivers if the 
AGC is allowed to reduce the rf gain. 
The intermodulation signals should 
be kept weak enough that the S- 
meter barely moves. In some receiv¬ 
ers, the stage that generates the 
intermodulation is a mixer or second 
amplifier stage that follows a stage 
with AGC. As the level of the two in¬ 
terfering signals is increased to the 
point that the intermodulation prod¬ 
uct appears out of the noise, passes 
through the i-f filter, and reaches the 
detector, the AGC will reduce the rf 
gain. Less signal reaches the inter- 
mod generating stage, and less inter- 
mod is produced than would be the 
case if the AGC were disabled. AGC, 
of course, also decreases receiver 
sensitivity. 

The dynamic range of a receiver is 
the difference between the weakest 
signals it can detect, and the largest 
signals it can handle simultaneously. 
Unfortunately, different values for 
dynamic range will be measured de¬ 
pending on the definition of a "weak" 
signal. Some of the companies that 
publish dynamic range performance 


seem to use creative specsmanship. 
In one case, the measured value of 
dynamic range is much better if the 
sensitivity and intermodulation are 
compared for a weak signal of S-6 
than for a weak signal of S-1. Can 
you guess which value is the pub¬ 
lished value? 

4. The article suggests that gain com¬ 
pression can be tested with only one 
signal. This procedure will often give 
false and inflated results. It is much 
better to tune the receiver to a weak 
signal; then adjust the amplitude of a 
second signal on a different frequen¬ 
cy until reception of the first signal is 
impaired. 

For example, a while ago we 
checked the performance of a popu¬ 
lar synthesized 2-meter handheld 
transceiver. This rig was claimed to 
have 80 dB rejection 30 kHz away. 
The signal level for full quieting was 
measured. Next the receiver was 
tuned 30 kHz away. Then the ampli¬ 
tude of the signal generator was in¬ 
creased by approximately 80 dB, at 
which point the receiver was again 
fully quieted. From this test, one 
might suppose that the dynamic 
range was80dB. 

The receiver was next tested using 
two signal generators. The first one 
was tuned to the receiver frequency, 
frequency modulated with a 1 kHz 
tone, and adjusted in amplitude until 
full quieting was achieved. The sec¬ 
ond signal generator was tuned 30 
kHz away and increased in amplitude 
until the 1 kHz modulation of the first 
signal became noisy. The difference 
in the two signal strengths was only 
56 dB ... a lot less than the 80 dB 
measured the first way! 

5. Based on testing one of each 
model, the TS-520S is much improved 
over the TS-520 and even slightly bet¬ 
ter than the TS-820. Owners or pro¬ 
spective owners of the TS-520S 
should perform their own measure¬ 
ments before they panic. 

Paul A. Zander, AA6PZ 
Los Altos, California 
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light-emitting diodes: 


theory and 
application 

A digest of LEDs — 
how they work 
and how they’re used 
in many of 
today’s electronic circuits. 

Also included is 
a simple logic probe 
for testing digital circuits 

Learning the theory of the electronic devices we 
use can be greatly enhanced by putting the theory to 
work with a weekend construction project. This is 
just what we have in this article: some basics, a few 
applications, and a very easy construction project. A 
few hours invested should yield a good understand¬ 
ing of light-emitting diodes (LEDs) and a unique logic 
probe that fits well with today's technology. 

Initially these LED devices were too expensive for 
the Amateur or experimenter, but their wide accep¬ 
tance and availability now make them a workable 
addition to our hobby. As Amateurs continue their 
transition from vacuum tubes, through transistors 
and into integrated circuits, the LED will become 
more valuable as an indicator, display, or active com¬ 
ponent. 

For practical applications we can think of the LED 
indicator, or the individual segments of a LED dis¬ 
play, as being the same as any other diode; much like 
the power diodes used as rectifiers, or the small-sig¬ 
nal diodes used as detectors. As with any diode, we 
must operate within the parameters of the device as 
specified by the manufacturer. Under these condi¬ 
tions the LED will function well. 


To illustrate the relationship between a silicon 
diode and a LED, I've shown both devices under simi¬ 
lar conditions in fig. 1. Both are forward biased, and 
the current through each is limited by the series resis¬ 
tor, R1. The voltage drop across the silicon diode, or 
its threshold voltage, is approximately 0.6 volt. If the 
value of R1 is changed, the current through the diode 
will vary, but the voltage across the diode will remain 
fairly constant. In effect, the diode will act as a volt¬ 
age regulator. The diode could be used as a shunt 
regulator in the same manner as a voltage-regulator 
tube found in many receivers and VFOs of the past. 
In semiconductor circuits, one or more of these 
diodes are often used as regulators and clamps, mak¬ 
ing good use of this threshold action. 

The same conditions exist for the LED except that 
the threshold voltage is higher, usually about 1.6 
volts for the red LEDs. As with the silicon diode, vary¬ 
ing the series resistor will vary the current through 
the LED and thus its intensity, but the voltage drop 
across the LED will remain fairly constant at 1.6 volts. 

From fig. 1 it can be seen that all we must do to 
activate a LED is apply forward bias and limit the cur¬ 
rent to a safe value, as specified by the device manu¬ 
facturer. As shown in fig. 1, a simple application of 
Ohm's law is all that's needed to use the LED as an 
indicator. An understanding of the basic principles of 
the diode will enable you to get started in the applica¬ 
tions of LEDs. 

Fig. 2 illustrates the parameters of a typical red 
LED. As shown, 100 per cent of the rated intensity is 
achieved with 1.6 volts at 0.020 ampere. These pa¬ 
rameters were used to calculate the series-resistor 
value in fig. 1. The threshold voltage for colors other 
than red vary from this norm. Typical values are, for 
amber devices, approximately 2.0 volts. For green 
units threshold approaches 4.0 volt level. 

These numbers are adequate approximations for 
general use and will provide a starting point for un¬ 
known surplus units. The amber and green LEDs gen¬ 
erally require more current than the red LEDs to 
achieve equal intensity. However, our eyes are very 
understanding in this area, and the current through 
the diode can vary over a formidable range without a 
profound effect on the indicator's appearance. 


By Ken Powell, WB6AFT, 6949 Leriwood Way, 
San Jose, California 95120 
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applications 

We tend to think of LEDs as low-voltage devices 
primarily associated with transistors or integrated cir¬ 
cuits. However, with suitable current-limiting resis¬ 
tors, these devices will function equally well in 
higher-voltage circuits. The type 4403, for example, 
has an isolation voltage rating between the leads and 
case of 300 volts. This rating allows the device to 
serve as an indicator in moderately high voltage 
circuits. 



Complete logic-probe board ready for assembly. 



A logic probe for testing digital circuits. A few parts and as 
many pleasant hours at the workbench produced this useful 
and handsome piece of test gear. 


Voltage monitor. Fig. 3 illustrates this principle by 
the use of a LED to monitor the power-supply voltage 
in a tube-type receiver. The calculations required to 
determine the value of the series resistor is shown; 



fig. 1. Silicon diode and LED under similar operating con¬ 
ditions: each is forward biased, and current through 
each device is controlled by series resistor R1. Threshold 
voltage across the silicon diode is about 0.6 volt, 
whereas that across the LED is somewhat higher, usually 
about 1.6 volts (for red LEDs). Simple application of 
Ohm's law determines device operating parameters. 


note that this application is no different than the 
basic circuit discussed in fig. 1. From this application 
it can be seen that we're not limited to low-voltage or 
solid-state circuitry in the use of LED devices. With 
higher voltage applications, the series-resistor value 
becomes greater along with increased power require¬ 
ments; but the physical size is still within reason, and 
the looks are more in keeping with today's tech¬ 
nology. 

The majority of LED applications encountered are 
in dc circuits, but these devices aren't limited to dc 
and make excellent indicators for ac if some precau¬ 
tions are taken in their application. One of the param¬ 
eters not yet discussed is the reverse-voltage specifi¬ 
cation. The reverse breakdown voltage of LEDs is 



fig. 2. Intensity of a typical red LED as a func¬ 
tion of threshold voltage and forward cur¬ 
rent. One-hundred per cent of rated intensi¬ 
ty occurs with 1.6 volts at 20 mA. These data 
were used to calculate the series resistor. 
R1. in fig. 1. 
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fig. 3. A voltage monitor that can be used, for exam¬ 
ple, in a power supply of moderate voltage. Calcula¬ 
tions for series-resistor values are shown. 


generally low, so particular attention must be paid to 
this specification. The reverse breakdown voltage for 
the type 4403 is typically 3 volts, meaning that the 
reverse bias voltage must be kept below this level. 
Filament-circuit monitor. In fig. 4 an LED is used 
to monitor a filament circuit, and a diode is placed in¬ 
versely in parallel with the LED to limit the reverse 
voltage applied to the LED to approximately 0,6 volt, 
or the threshold of the silicon diode. This diode will 
protect the LED during negative excursions of the 
filament voltage. As in the previous circuits, the limit¬ 
ing-resistor value is calculated with Ohm's law as 
shown in fig. 4A, but the power must be calculated 
as in fig. 4B, since the current flow will be greater on 
the negative half cycles when shunt diode CR1 is 
conducting. That is because of the difference in LED 
threshold voltage and that of the silicon diode. In this 
case, the difference in power is minimal but should 
be taken into account, particularly with higher source 
voltages and higher threshold LED devices, such as 
amber and green units. The reverse-voltage parame¬ 
ter is an important factor and must be kept in mind 
when thinking about LED applications. 

Color transistions. Another type LED, the 
MV-5491, is illustrated in fig. 5. This unit is actually 





fig. 4. Using an LED to monitor a filament circuit. The 
limiting-resistor value is calculated as in (Al. but the power 
dissipation must be calculated as shown in (Bl. 


two LED junctions in a single package placed inverse¬ 
ly in parallel. One of the parallel diodes is red; the 
other is green. As with the LEDs discussed earlier, 
the threshold voltages of the two diodes are differ¬ 
ent, so a bit more thought is required in their appli¬ 
cation. 

With the MV-5491, the color can be changed by 
reversing the voltage applied to the diode pair; and 
with the application of an ac voltage, an alternating 
color that approximates yellow can be obtained. This 
device can achieve four states: red, green, amber, 
and off. 

In fig. 5A the red diode is conducting and the 
limiting resistor, calculated for a specification of 1.65 
volts at 0.20 ampere, controls the current through 



device is actually two LED junctions in single package 
placed inversely in parallel. Sketches (A), IB), and (C) show, 
respectively, how the LED colors are generated. (A) shows 
the diode pair in a red configuration; IB) shows green. With 
the application of an ac voltage and the use of a compen¬ 
sating diode, as seen In sketch 1C), an amber color can be 
generated. 


the diode. In fig. 5B, the green diode is in conduc¬ 
tion, and the limiting resistor has been chosen to pro¬ 
vide 3.0 volts at 0.020 ampere. Because of the differ¬ 
ence in the specifications of the red and green 
diodes, external components must be used to pro¬ 
vide compensation. Fig. 5C illustrates this compen¬ 
sation in the form of a silicon diode that will shunt the 
100-ohm resistor when the green LED is conducting. 
Reversing the polarity of the input voltage will re¬ 
verse bias the silicon diode, placing an effective 170- 
ohm resistance in series with the red LED. In this 
manner the correct voltage and current can be furn¬ 
ished to the dissimilar LED junction. 
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LED drivers. So far in the discussion all the LED 
applications have been of the static type. To make 
these units dynamic, or to turn them on and off with 
signals, a switching device must be added in series 
with the LED to control the current flow. In fig. 6 a 
transistor switches the LED on and off with a signal 
or logic level to be monitored. In fig. 6A the voltage 
across each element of the circuit is shown with the 
transistor in conduction and the LED indicator 
lighted. The calculation for the current-limiting resis¬ 
tor is the same as in previous illustrations except for 
the added voltage drop of the transistor, usually on 
the order of 0.2 volt. As in previous illustrations, 1.6 
volts appears across the LED and 3.2 volts across the 
limiting resistor. In fig. 6B the circuit is shown with 
the transistor cut off and the LED indicator extin¬ 
guished. In fig. 6C a similar circuit is depicted for use 
with a negative power supply. 



fig. 6. Dynamic application of LEDs. A transistor controls 
current flow; that is, a switching device is used. IA) shows 
the transistor conducting (LED illuminated); IB) shows the 
transistor cut off (LED extinguished). In 1C) a circuit is 
shown for use with a negative power supply. In these 
applications the device is called an "LED driver." 


Integrated circuits lend themselves well to driving 
LED devices, and six LEDs can be controlled from a 
single 1C package. The SN7406 and SN7407 are well 
suited for this application. The 7406 is a hex-inverter 
with each of its output circuits rated at 0.040 ampere 
and 30 volts. As shown in fig. 7, the 7406 will cause 
the LED to conduct when conditioned with a high, or 
positive, input. The 7407 is the same basic package 
but is a noninverting circuit, so a high input will yield 
a non-conducting, or high output, extinguishing 
the LED. 

In applications requiring more than one LED indica¬ 
tor, the 7406 and 7407 form a very compact and cost- 
effective circuit. They are useful for adding monitors 
to keyboards and for data bus applications. The cal¬ 
culations for the current-limiting resistors in this 
application are identical to those discussed earlier. 
Just about any open-collector TTL 1C will work well 
as an indicator driver; and for practical applications, 
the LED current can be limited to 0.010 ampere to 



fig. 7. In this example of LED drivers using ICs. as many as 
six LEDs can be controlled from a single 1C package. (A) 
and IB) show, respectively, drivers with inverting and 
noninverting inputs. 


reduce current use. This will yield adequate light out¬ 
put in virtually all situations. 

Driving a dual LED, such as the MV-5491, is a bit 
more complex. But the result of the LED changing 
color with changes in the signal is more dramatic and 
can be accomplished with ICs. Fig. 8 shows a driver 
circuit for dual LEDs using one mini-dip, type 
SIM75452, and one section of a SN7404 inverter. 

The calculations for resistor values are the same as 
those in previous illustrations, but the power require¬ 
ments are a bit more. With the driver input low, the 
input to IC1A is high and its output is low. In this 
state 4.8 volts will be dissipated across the 220-ohm 
resistor, placing the green cathode (GC) at 0.2 volt. 
IC1B, with its low input, will have a high or noncon¬ 
ducting output. This action will allow the green diode 
to be forward biased, and 1.8 volts will be dissipated 
across the 100-ohm resistor. When the circuit input 
goes high, IC1A and IC1B outputs will change state, 
and 4.8 volts will be dissipated across the 100-ohm 
resistor. The red diode will go into conduction, and 
3.15 volts will be dissipated across the 220-ohm resis¬ 
tor. Rapid transitions of the input signal will alternate 
the red and green LEDs and form a somewhat amber 
indication. 

The dual-LED indicator makes a very nice display. 
The ability to display a number of states with a single 



fig. 8. A dual LED driver using the type SN75462 1C. 
Calculations for the resistor values are the same, but the 
power requirements are a bit higher. 
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indicator is very useful, particularly in digital applica¬ 
tions such as circuit monitoring. The 1C driver circuit¬ 
ry could be replaced with discrete transistors if de¬ 
sired, and no doubt many applications for this unique 
device will be implemented by Amateurs and experi¬ 
menters. As with many other devices, these units 
were expensive when first developed but are readily 
available at low cost today. The MV-5491 is pack¬ 
aged in the standard T-1% package and uses the 
same mounting hardware as most LEDs. 

the optical coupler 

All of the LEDs previously discussed have been 
indicator types, so now is a good time to take a break 
and look at another LEO device known as the optical 
coupler. The coupler uses the LED for a much differ¬ 
ent purpose — that of isolation. This device can pro¬ 
vide a signal path while furnishing electrical isolation 
in excess of 2500 volts. Again it is the basic LEO with 
virtually the same parameters as those of the LED 
indicator. However, in the coupler configuration the 
LED has been packaged with its light output focused 
on the sensitive surface of a photo transistor (fig. 9). 
In this manner, the current flow through the LED will 
provide base bias for the transistor through an optical 
path within the package, providing signal coupling 
while maintaining physical isolation. 

While I've not seen these devices used extensively 
in Amateur gear, I have used them in keyer circuits to 



fig. 10. Use of the LED optical coupler in an Amateur keyer. 
Device isolates the 1C keyer from the transmitter, removing 
grid-block keying Voltage, which is sometimes rather high, 
from the keyer paddles. 


isolate the keyer from the transmitter. They are a 
very effective device in this application and remove 
the grid-block keying voltage, which is sometimes at 
a fairly high potential, from the paddles. This applica¬ 
tion is depicted in fig. 10. The optical coupler, or 
opto-isolator as it is also called, is used extensively in 
medical and data-processing equipment. I think that, 
as Amateurs become more aware of the unique 
properties of this device, many new and worthwhile 
applications will ensue. 

The coupler in fig. 10, type H11D1, is packaged in 
a six-pin mini-dip, so it lends itself well to today's 
construction techniques. Keep this device in mind for 
both safety and noise reduction applications. 



fig. 11. A contactless keyer, or "optical paddle," using an 
LEO optical interrupter. The optical interrupter is similar to 
the optical coupler, except that the light path from the 
diode to the photo transistor can be interrupted with a 
shutter or other mechanical device. 


optical interrupter 

Another interesting device in the LED family is the 
optical interrupter. Its construction is similar to that 
of the optical coupler, except that the light from the 
diode to the photo transistor is accessible, meaning 
that the light path can be broken or interrupted with 
a shutter blade or other mechanical device. When 
this action occurs, the output transistor will be cut 
off, which allows an easy mechanical interface to 
electronic circuitry. I've not seen this device used to 
any great extent in Amateur applications, but I think 
a contactless keyer would be a good item to begin 
with. I've shown one in fig. 11 and hope to build a 
device such as this in the near future. The ease with 
which it will interface digital logic makes it a natural. 










rupter. No electrical contacts in the encoder mean in¬ 
creased reliability and low maintenance. BCD outputs are 
shown for each encoder shutter. A neat way to encode your 
antenna rotator for digital readout! 


shaft encoder 

Another application comes to mind and seems 
quite reasonable, since the once-plentiful selsyns are 
rather difficult to find these days. This application is a 
position indicator or shaft encoder. Using digital 
techniques, you could easily get sixteen discrete 
positions with only four optical interrupters. Adding 
another interrupter would double the resolution; this 
could be carried out to any degree desired. 

By arranging the shutters and interrupters in a for¬ 


mat such as shown in fig. 12, you would obtain a 
four-wire BCD output. This could be carried out to an 
eight-digit arrangement and applied to the input of a 
micro processor if you really wanted sophistication 
and had an extra eight-bit port on your micro. This 
would yield 256 discrete outputs or positions. 

Put a device like this under your antenna rotator or 
weather vane and you would have a real winner! The 
same scheme could be used for 180-degree capaci¬ 
tors and multi-turn inductors for remote tuning. This 
low current, contactless device could form the basis 
for some interesting, reliable equipment. 

LED displays 

The seven-segment display is probably the most 
widely used LED display available today. This popu¬ 
larity has made the price right for the Amateur. The 
display can be thought of as seven individual LEDs 
placed in a single easy-to-use package and arranged 
to provide a numeric output. Each individual element 
or segment has parameters that are similar to those 
of the diodes discussed earlier. These devices are 
available in a common-anode configuration, which is 
generally used for applications involving a positive 
power supply and the common-cathode configura¬ 
tion usually associated with negative supply designs. 
Fig. 13 illustrates both types and the physical rela¬ 
tionship of the individual diodes as viewed from the 
front or display side. 

This illustration shows how the characters are 
formed by forward biasing the individual diodes, or 
segments, in a prescribed manner. The character 



fig. 13. Examples of seven-segment LEDs designed for positive power supplies (common anode) and negative supplies 
(common cathode). The characters are formed by forward biasing the individual diodes, or segments, in a prescribed 
manner. These displays have decimal points (DP). Units are available with left-hand, right-hand, both, or no decimal 
point. Colors are red, green, and yellow (amber). 
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fig. 14. Integrated displays have an 1C built into the 
package. The jc provides decoding, storage, and a 
display driver. Cost, however, is five to ten times that of 
the seven-segment type on the surplus market. Device is 
a dot matrix type and accepts a four-wire BCD input. 
Others are available with bar-type LEDs such as used in 
the seven-segment displays. 

"Q" would be formed by forward biasing the ele¬ 
ments labeled “a" through "fThe displays used for 
this illustration have decimal points (dp), and units 
are available with left-hand, right-hand, both, and no 
decimal point. As with the other LEDs discussed, 
seven-segment displays are available in red, green, 
and yellow; as with the indicator units, voltage and 
current parameters vary accordingly. 

A number of physical sizes and package configura¬ 
tions are available, and the price is often less than a 
dollar per digit on the surplus market. The units used 
in the illustrations are configured in a 14-pin DIP 
package and furnish a character height of 0.3 inch 
(7.6 mm). This seems to be ah adequate size for most 
projects, and bezels are readily available to give your 
project a finished look. 

the integrated display 

The integrated display unit is a display much like 
the seven-segment LED, with the addition of an 1C 
built into the display package. The 1C provides 
decoding, storage, and display driver — all within the 
display package, and requires no more space than 
the seven-segment display. All these functions being 
performed by the display unit make it much simpler 
to use and reduces component count considerably. 
As can be expected, there's a hitch: the cost of the 
display is five to ten times that of the seven-segment 
type on the surplus market. This sounds very high in¬ 
deed, but in figuring the total expense of the compo- 
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fig. 15. Schematic diagram of a logic probe that can be 
built in a few hours with readily available components. 
Logic probe output indicator yields three discrete states 
according to input signal or level. Power is borrowed from 
the circuit under test. 

nents required to do the functions of the integrated 
display, it's often cost effective, particularly when 
space is at a premium. 

The integrated display illustated in fig. 14 is a dot 
matrix type and accepts a four-wire BCD input. Other 
integrated displays are available with bar-type LEDs 
such as used in the seven-segment display. Various 
types of logic configurations are available such as 
counters, latches, and hexidecimal decoders. These 
devices interface TTL logic very well and can make 
the design and construction of counters and similar 
devices relatively easy, 
logic probe 

The logic probe is a good application of the theory 
discussed earlier and makes an ideal instrument for 
digital testing. It can be constructed in a few hours 
using readily available components. The output indi¬ 
cator of the logic probe yields three discrete states 
according to the input signal or level. The probe bor¬ 
rows power from the circuit under test and is de¬ 
signed to function with the popular TTL logic 
families. 

The circuit of the logic probe is shown in fig. 15 
and is a variation of the dual LED circuit in fig. 8. 
When power is applied to the probe through the 
power leads, and the tip or input is touched to a low 
level or ground, Q1 is cut off. This condition will 
cause Q2 to conduct since the base is positive with 
respect to the emitter. With Q1 cut off and 02 con¬ 
ducting, the green diode of the dual LED will be for¬ 
ward biased, yielding a green output from the LED. 
Touching the probe tip to a high level will cause Q1 
and 02 to complement, and the red diode will be for¬ 
ward biased, yielding a red output from the LED. An 

fig. 16. Full-size foil pattern for the logic probe. 
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fig. 17. Logic-probe component layout. 

alternating signal will cause alternating conduction of 
the red and green diodes and will yield an indication 
approximating amber. In this manner both static and 
dynamic signals can be traced with the logic probe. 

Printed circuit construction is used for the logic 
'probe, and a full-size foil pattern is shown in fig. 16. 
After etching and drilling the PC board, the compo¬ 
nents are mounted as shown in the component-side 
view, fig. 17. Fig. 18 is a sketch of the probe assem¬ 
bly. I used the components from an Eico demodula¬ 
tor probe for construction, but any plastic or plexi¬ 
glass tubing with approximately Vi-inch (13-mm) lb 
will suffice. The end caps can be cemented in place 
after the PC board is slipped into the tubing, and 
your logic probe should be ready to go to work. 



fig. 18. The logic probe. Any plastic tubing about V4 inch (13 
mm) ID will suffice for the probe container. 

summary 

I've enjoyed building and using the logic probe and 
certainly found LED devices to be interesting and a 
very useful addition to equipment designs. As stated 
earlier, they are no more complex than any other 
diode and can be a lot more fun to use. The digital 
revolution is rapidly gaining acceptance in the world 
of Amateur Radio, and the logic probe and asso¬ 
ciated LED theory will help you to accept and enjoy 
the benefits we will all gain from this new tech¬ 
nology. 

bibliography 

Jacobson. Loran. WA8ELA, "LED Tuning Indicatoi for RTTY." ham radio, 
March. 1980, pages 50-53. 

Powell, K.E., WB6AFT, "Novel LED Circuits," ham radio, April. 1977. 
pages 60-63. 

ham radio 



Vacationitis? 
Hand-Held 
Transceivers 
Are Prescribed 
For Holiday 
Hamming 


KITTY INVITES YOU to come in and 
see BARRY’S complete line of hand¬ 
held transceivers. 


YAESU ICOM TEMPO 



FT-207R IC-2A S-l.2,5 


NICE FOR TRAVELLING ... 


OR AT HOME... 


Our lines include: 


AEA 

ALLIANCE 
ANTENNA 
SPECIALISTS 
ASTRON 
B & W 
BIRD 
COLLINS 
COMMUNICATIONS KLM 
SPECIALISTS 
CUSHCRAFT 
DS1 

DENTRON 


DRAKE 

ETO 

EIMAC 

E-Z WAY 

HUSTLER 

HY-GAIN 

ICOM 

KDK 


MURCH 
ROBOT 
ROHN 
SHURE 
STANDARD 
SWAN 
TEMPO 
TRI-EX 
YAESU 

KANTRON1CS VHF ENGINEERING 
AND MORE... 


BUSINESSMEN: Ask about BARRY’S line 
of business-band equipment. We’ve got if! 

Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm 
Saturday 10 am-Noon 
The Export Experts Invite Overseas orders 
I habi^ I ~ We Ship Worldwide 

IESPANOL■ 

BARRY ELECTRONICS 

512 BROADWAY, NEW YORK, N.Y. 10012 
TELEPHONE (212) 925-7000 


More Details? CHECK-OFF Page 94 


august 1980 ED 19 




measuring 

signal 


Receiver S-meter readings 
are no guarantee 
of true signal strength — 
here’s how 
to quantify 
this controversial subject 


Amateur radio transmitters require many meas¬ 
urements, most of which are obtainable from one or 
more internal or external meters. Some meters have 
two or more scales, which are selected by switches. 
Readings may include grid current, plate current, 
high voltage, relative power, SWR, forward power, 
reflected power, and ALC level. Other readings may 
be taken with rf ammeters, rf voltmeters, frequency 
meters, and impedance bridges. Also, field-strength 
indicators may be used to adjust the dimensions of 
fixed or mobile antennas. These indicators are 
basically short-range portable receivers with loop or 
whip antennas and meters with arbitrary uniform 
scales. They are often called field-strength meters 
despite their inability to receive and measure distant 
radio signals. 

Amateur radio receivers, unlike transmitters, have 
only one meter and no meter switch. Transceivers 
also have only one meter, but a switch provides two 


-strength 

or more transmitter readings and a receiver S-meter 
reading. An S-meter gives relative values of signal 
strength on a uniform 0 to 9 scale, followed by a dB 
scale. It reflects the last i-f stage level of all signals by 
responding to the average age voltage, and is not re¬ 
lated to af gain. Readings are based on maximum rf 
gain and peaked tuning of an antenna or preselector 
circuit. 

S-meter problems 

In general, S-meter readings depend on three vari¬ 
ables: signal field intensity, antenna characteristics, 
and receiver gain. Unfortunately, readings bear no 
fixed relationship to antenna voltage, as receiver gain 
varies with various makes, models, units, frequency 
bands, and parts of bands. Also, there is no accepted 
standard of input voltage for S9 readings, so various 
manufacturers have chosen signal-generator outputs 
of 25, 50, or 100 microvolts for calibration at a spe¬ 
cified frequency. Hammarlund Superpro receivers 
for military use were made to read S9 with 50 micro¬ 
volts input at 3.5 MHz, and modern receivers are not 
very different. 

A typical receiver has a one-milliampere meter in a 
bridge network containing a potentiometer, which 
balances no-signal plate or cathode current during 
zero adjustment. Superpro receivers had a 200- 
microampere meter with an adjustable 1000-ohm 
shunt for sensitivity adjustment, and also had an AVC 
amplifier preceding the AVC rectifier. Modern receiv¬ 
ers usually avoid these features. Zero and sensitivity 
adjustments often vary with time. 

Although S-meter scales are uniform, S-units are 
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not. One manufacturer states that a change of one 
S-number on the meter indicates a change in signal 
strength of approximately two to one (6 dB). An¬ 
other manufacturer states that each S-unit indicates 
a 3-dB increase in signal strength. Both statements 
are thus questionable. An instruction book for a Col¬ 
lins receiver defined neither S9 input nor S-meter 
steps, but a calibration showed 50 microvolts and 
steps of about 1.4, or 2 to 1 in voltage ratio, or 3-6 
dB, on the 80-meter band. 

Since S-meter readings can be either optimistic or 
pessimistic, and give only qualitative information at 
best, it follows that quantitative readings would be 
more desirable. Field intensity, often called field 
strength, is the only true measure of signal strength. 
Broadcast-station operators often use field-intensity 
measuring equipment because they must submit field 
intensity data to the Federal Communications Com¬ 
mission. This data shows the extent of service areas 
and interference areas for other stations using the 
same frequencies. 

field-intensity meters 

Despite the vagaries of S-meters, Amateurs have 
avoided using field-intensity meters because of their 
cost and complexity, and also because Amateurs 
have no service area and interference area limits. Un¬ 
like broadcasters, Amateurs can enhance their serv¬ 
ice areas by changing frequency, power, and time of 
operation. Likewise, Amateurs can avoid interfer¬ 
ence by changing the same variables. 

A field-intensity meter is basically a combination of 
a local oscillator or signal generator of known output, 
an attenuator, a portable receiver containing an out¬ 
put meter, and a loop or whip antenna of known ef¬ 
fective height or length. Another antenna can be 
used if it is calibrated by comparison with the loop 
antenna. It follows that, with certain additional 
equipment, an ordinary receiver can serve as the ma¬ 
jor component of a field-intensity measuring set. 1 

High accuracy is unnecessary in field-intensity 
measurements of distant radio stations. Propagation 
conditions, such as fading, vary considerably with 
time. A receiving station may intercept ground 
waves, sky waves, or a variable combination of both, 
which results in multipath interference. Sky-wave 
fields can be measured with a horizontal antenna, re¬ 
gardless of whether horizontal or vertical polarization 
is used at the transmitter, since practically equal 
amounts of both types of polarization are present in 
the incident ionospheric field. 

Radio waves are travelling electric and magnetic 
fields that are perpendicular to each other and to the 
direction of propagation. Both fields convey equal 
power at a distance from their source, so either field 


may be considered as a measure of total radiation. It 
is customary to measure the electric field compo¬ 
nent, which may be horizontally or vertically polar¬ 
ized, according to the direction of that field. Meas¬ 
urements of field intensity are usually expressed in 
units of rms microvolts or millivolts per meter at 
some point, which are really potential gradients. 

When a radio wave strikes an antenna, it induces a 
voltage equal to the product of the field intensity and 
the effective height or length of the antenna. Thus, if 
the antenna voltage and effective height or length 
are known, the field intensity is given by the quotient 
of their values. Algebraically, since 

V = EH or EL, E = V/Hor V/L (1) 

Therefore, the measurement of field intensity de¬ 
pends primarily on the measurement of a small, vari¬ 
able antenna voltage. This is usually done by substi¬ 
tuting a measurable and attenuated local signal in 
place of the real signal and noting the attenuation for 
equal output from a receiver. Another, less used, 
method compares the voltage induced into the an¬ 
tenna by the desired signal field with that from a 
standard local field. In general, an incoming signal is 
measured by comparing it with a known calibration 
signal. 2 

Any kind of signal can be measured with the aid of 
a receiver. An S-meter will serve as a comparison 
output meter, as it responds to a-m or fm carrier 
levels of single-tone SSB modulation and shows 
about one-half maximum output for CW signals. 
Audio gain and output are of interest during tune up 
and zero beating the real and artificial signals for fre¬ 
quency match, but are otherwise irrelevant. 

If the real and artificial signals are equal and the an¬ 
tenna characteristics are known, it should be easy to 
determine field intensity. In principle, a calibrated 
signal generator is a substitute for the antenna and 
its output is adjusted to give the same output-meter 
reading as the real signal. But it is hard to design an 
attenuator that is accurate at high radio frequencies. 
This problem was avoided over fifty years ago by 
putting an attenuator before the i-f amplifier in a spe¬ 
cial set, which included a local oscillator and calibrat¬ 
ing means. The theory and operation of such a set 
was covered in an IRE paper and will not be dis¬ 
cussed. 3 

effective height 

The effective height of the receiving antenna must 
be known to complete a field-intensity measurement. 
A loop antenna is a standard of comparison because 
its effective height can be calculated. The relation is 
as follows. 4 

H = 2itAN/\ = 2.0944 X 10~ AN meters (2) 
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where A is the loop antenna area in square meters 
N is the number of turns of that area 
X is the wavelength in meters 
/ is the frequency in kHz 

The effective height of a grounded quarter-wave 
vertical antenna is not the true height, H, but 2H/t 
or 0.6366 H. It is the height of an imaginary conduc¬ 
tor, which carries a uniform current equal to that at 
the base of a real conductor and radiates the same 
field along the horizontal. The effective height of a 
much shorter vertical antenna is about one-half of 
the true height.5 

The true length of a horizontal half-wave dipole an¬ 
tenna is 143/f meters, where /is in MHz. This is 95 
per cent of a half wave in space, but the effective 
length is only 62 per cent of that value, or 65.26 per 
cent of the true length, or 94.3/f meters. If a horizon¬ 
tal dipole is used to measure field intensity, the hori¬ 
zontal component of the field is quite independent of 
ground characteristics, which differ with location. 

The effective lengths of horizontal dipole antennas 
designed for the 20, 40, and 80 meter phone bands 
are about 6, 12 and 24 meters respectively. Thus, 50- 
microvolt S9 signals would produce field intensity 
readings of approximately 8, 4, and 2 microvolts per 
meter. Other calibrations and S-readings could be 
used, with the assumption that S-units are 6 dB apart 
or 2 to 1 in voltage ratio. This shows that, with the 
aid of a calibrated signal generator, an ordinary re¬ 
ceiver can serve as a substitute for a field intensity 
meter if accuracy is unimportant. 

Broadcast stations use commercial field-intensity 
measuring equipment and take readings at various 
distances in various directions, called radials. Field 
intensity is plotted against distance along each radial 
on log-log coordinate paper and a smooth curve shows 
the distance to any value of interest. Distances so 
obtained from all radials are plotted on polar coordi¬ 
nate paper or map to show the contours of various field 
intensities, hence service areas. Field intensities of 
two interfering stations may be plotted against dis¬ 
tance in opposite directions on ordinary graph paper 
to show regions between them where interference 
may occur. 
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tone alert monitor 


Design and construction 
of a tone call system 
for Radio Amateurs 
interested in 
emergency communications 

Recently it has been emphasized many times that 
the need for Amateur Radio communications in dis¬ 
aster situations is very real and necessary. Many 
groups of Amateurs and clubs have spent money for 
equipment and much time in drills and practices 
to make themselves ready for emergency communi¬ 
cations. 

One problem that continually bothers Amateur op¬ 
erators who are striving to maintain their proficiency 
is the need to monitor one or more radio communica¬ 
tions links. Such monitoring is necessary so that a 
central agent can quickly "call up" operators who 
can provide communications for disaster services. 
Many Amateur operators would be more willing to 
monitor for the call up if it were not for the task of lis¬ 
tening to a party line such as a 2-meter repeater, na¬ 
tional calling frequency on 2 meters, or other busy ra¬ 
dio frequencies. 

alert monitor 

This problem of requiring an individual to monitor 
for an alert, either real or during practice, has in¬ 
spired the design of an Alert Monitor that will alert 
each station without the operator having to listen to 
the party line chatter associated with most frequen¬ 
cies. The Alert Monitor is also handy for those using 
a receiver in a busy household or in an automobile, 
where a busy repeater sometimes can be annoying. 
The monitor can be used with almost any receiver ca¬ 
pable of passing normal audio-frequency informa¬ 


tion. It is not recommended for SSB transceivers that 
can't hold tight frequency stability. 

This Alert Monitor also can alert groups of stations 
simultaneously (Group Call), or it can alert one sta¬ 
tion at a time. The Alert Monitor operates with stan¬ 
dard Touch-Tone* audio. It uses two digits for nor¬ 
mal operation and a long, single digit for the Group- 
Call feature. 

circuit description 

Fig. 1 shows the schematic. The audio is applied 
to the Alert Monitor through the audio-input jack and 
a 2.2k resistor. Audio amplitude is limited by two 
1N914 back-to-back connected diodes. A 5k pot ad¬ 
justs the audio input level, which is coupled to the 
tone decoder ICs by 4.7-^F capacitors. U-1/U-2 
decode the high and low tones for the first Touch- 
Tone digit, and U-3/U-4 decode the tones for the 
second digit. The resistor and capacitor at the output 
of each decoder 1C provide a delay between the time 
that the decoder 1C senses a tone and the time that 
the NOR gate will respond. This prevents falsing on 
other audio that may be present in the decoder. 

When the first digit has been received, a logic high 
is applied to U7A pin 1 for 2.5 seconds through timer 
1C U6. A logic high must be applied to U7A pin 2 dur¬ 
ing this 2.5 second period for the Alert Monitor to 
operate. Therefore, the second digit must be re¬ 
ceived within 2.5 seconds of the first for a valid call. 
This sequence ultimately sets U10B and causes Q1 to 
conduct. This, in turn, causes relay K1 to transfer the 
audio to the audio-output jack. In this condition, the 
audio signal is connected to the speaker, and the re¬ 
ceiver can be monitored for the "Alert Call." 

For continuous receiver audio monitoring, the 
monitor switch can be connected to the monitor po¬ 
sitions and the communications receiver can then be 
used normally without the Alert Monitor defeating 
the receiver audio. 

The Group Call feature works by the sending sta¬ 
tion (encoder) transmitting the second digit of the 

Telegraph Company. 
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Control box of the prototype Alert Monitor. 

two digits for 6 seconds or longer. In this mode, U-1 / 
U-2 don't respond. The signal path now appears in 
the form of a pulse at U8A pin 6 and will, after 6 sec¬ 
onds, produce a logic high at U10A pin 3. If, in fact, 
the second tone is still being received, it will cause a 
logic high to be applied to U10A pin 2. This action 
will enable the Group Call Detector to produce a logic 
high, which will eminate from U10A pin 5. This high 
is applied to U5D pin 12. U5D is a NOR gate; and 
from this point on, the operation is the same as when 
two digits were received. 

Whenever U10B is set, either by receiving the cor¬ 
rect two tones or the Group Call tone for 6 seconds 
minimum, three reactions take place: 

1. The audio is applied to an external speaker as de¬ 
scribed earlier. 

2. A call indicator is illuminated. This is an LED 
mounted on the front panel. 



Alert Monitor built on PC board, shown here ready for align- 


3. The Alert Monitor oscillator is triggered for 4 sec¬ 
onds, producing a two-tone “twee-dell" audible sig¬ 
nal from the Alert Monitor. 

The reason for the visual call indicator is in case a 
call has been received while the operator is out of 
hearing range. Upon returning, if the call indicator is 
illuminated, the operator knows that an alert tone 
has been received, even though the receiver may be 
squelched or silent at that particular time. 

To put the Alert monitor back into the alert mode, 
press the RESET push-button to reset U10A and B 
and to extinguish the call indicator LED. It will also 
disable the audio path through K1 contacts. This ac¬ 
tion will again silence the receiver speaker until the 
next proper alert tone is detected. 



Complete prototype Alert Monitor showing perf-board con¬ 
struction, power supply, speakers, and minibox enclosure. 


power requirements 

Power requirement for this unit is from 8-20 Vdc at 
approximately 150 mA. This makes the unit adapt¬ 
able for mobile operation, and the low current drain 
should not present any problems so far as leaving the 
receiver and the Alert Monitor on while away from 
the automobile. The prototype was built to include a 
dc power supply which also houses the Alert Monitor 
speaker as well as a speaker for receiver audio. A 
power supply is shown in fig. 2. 

construction 

The original Alert Monitor was constructed on a 
fiberglass perf board using wire-wrap sockets. All 
discrete components except variable potentiometers, 
the relay, and the capacitors associated with U12, 
were mounted on 14-pin header plugs. Fig. 3 shows 
the wiring of the discrete components to the ICs. 

No special construction practices were observed, 
except that all V C c connections for the ICs were car¬ 
ried back to the power source at U12 pin 2. Each 1C 
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also had its power ground returned to the central 
ground input point at the case of U12 to reduce tran¬ 
sients on "daisychained" power leads, which could 
cause unstable operation. 

Bypass capacitors across the plus and minus pow¬ 
er connections of the ICs may be added if necessary. 
No heatsink was provided for the LM309K (U12). At 
the low-current level required for the unit, it was 
found to be unnecessary. The 5.0k trim-pots used for 
frequency adjustment and input-level adjustment are 
all multi-turn potentiometers. These are necessary, 
especially for the frequency-adjusting pots, for the 
vernier action needed to "tune" the LM567s to their 
correct frequency. 

Should you not wish to use the wire-wrap method 
of construction, a PC board is available.* The board 
is single-sided and requires very few jumpers. I prefer 
this method of single-sided PC board because it's 

'Order boards from MJW Boards, Route 2, Box 167-C, Berryville, Virginia 
22611. 


much easier to use or copy. All component parts 
used for both prototypes (perf board or PC board) 
were purchased from Jameco Electronics.t Of 
course, parts from other suppliers are acceptable, 
but this attempt at standardization should help the 
builder. The only part I did not get from Jameco was 
the relay. It was purchased from Radio Shack, and 
the part number for this item is 275-215. 

alignment 

Several methods for alignment of the tone decoder 
section are available. The fixed-value resistor con¬ 
nected to pin 5 of each LM567 in series with the 5.0k 
variable resistor and the 0.1-jiF capacitor connected 
to pin 6 are the frequency-control elements for each 
single-tone detector (LM567). A good-grade Mylar 
capacitor should be used in this circuit to prevent fre¬ 
quency drift with temperature or internal leakage. If 
an oscilloscope is available, it can be connected to 

tJameco Electronics, 1021 Howard Avenue, San Carlos. California 94070. 
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pin 8 of the tone decoder 1C to be aligned. An audio 
signal of the correct frequency is applied to the audio 
input by connecting the Alert Monitor to the receiver 
with which it's to be used. Then a Touch-Tone signal 
is transmitted in the normal fashion from a trans¬ 
mitter. 

alignment procedures 

The procedures described should, of course, be 
done with a dummy load connected to the transmit¬ 
ter to avoid interference: 

method 1 

1. Set the audio level at the receiver for the normal 
listening volume. 

2. Set the audio-input-level control at midrange. 

3. Adjust the 5k frequency-control pot until a logic 
low appears at pin 8 of the first decoder 1C under 
test. 

4. Reduce the audio level by the 5k level pot in in¬ 
creasing amounts while adjusting the frequency-con¬ 
trol pot to maintain the logic low output until no 
further sensitivity can be obtained for the 1C under 
test. 

5. Increase the audio level by the 5k level pot, with 
the oscilloscope moved to the next 1C. 

6. Adjust this 1C in a like manner to the next Touch- 
Tone frequency being received. 

As an alternative method, the LED connected to 
the tone decoder 1C, pin 8, may be used to indicate 
that the tone decoder has received the correct tone 
at a sufficient level. As the LM567 detects (or locks 
onto) the input tone, the LED will light. (Make sure of 


j 




fig. 3. Discrete-component wiring to the ICs. The resistor 
connected to pin 5 of the tone decoder 1C in series with the 
5-k pot end 0.1 cap connected to pin 6 are the frequency¬ 
determining elements for each single-tone detector. A 
good-grade Mylar cap should be used in this circuit to pre¬ 
vent frequency drift with temperature. 



correct polarity for the LED). When no further refine¬ 
ment of frequency can be made by the frequency- 
control pot, you'll notice that the 1C will oscillate be¬ 
tween a logic high and low. If you're using the LED 
method for alignment, the LED will start to dim at this 
point. The LEDs and the associated 270-ohm resistor 
may be eliminated for each tone decoder on the PC 
board if not used as an alignment indicator. This will 
not affect the performance of the circuit. 

Each Touch-Tone digit consists of two audio fre¬ 
quencies. Therefore, two decoder ICs are necessary 
for each digit being decoded. Through experimenta¬ 
tion I've found that 11k will allow centering the vari¬ 
able pot for the lowest frequency tone, and 2.4k will 
allow adjustment at the highest frequency. Exact cal¬ 
culation of the time constants for the RC combina¬ 
tions can be found in the data sheets provided by the 
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For both mobile or base operations (with an external 
supply), here's the answer to your VHF dreams. Dual 
VFO's, RIT, five memories and scan, FM, SSB, and 
CW, plus 100Hz resolution on the dial, make oper¬ 
ating the TR-9000 both simple and exciting. OSCAR 
anyone? The retail price of $499.00 is great 
enough, but call for quote! 

Not the first, but the best. Quality, with 1.5 
watts output, full digital synthesis with visible 
LCD frequency display. The reputation that 
this rig is gaining is testimony enough to say 
here's the HT you’ve been dreaming about. 
$395.00 retail price, but call for quote! 



Electronics Supply, Inc. 

1508 McKinney • Houston, Texas 77002 • (713) 658-0268 
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integrated circuit 

function generator 


A function generator 
based on the 
Exar XR-2206 
which features 
multiple waveforms 
over the range 
lOto 100 kHz 

If you are a builder, experimenter, or just like to 
maintain your own equipment, I am sure you appre¬ 
ciate the value of a good signal source. Ideally, the 
perfect signal source should be able to provide what¬ 
ever frequency, amplitude, waveform, and impe¬ 
dance level required for the job at hand. But, unfor¬ 
tunately, like most things in life, we must compro¬ 
mise a little. The classical signal source was either an 
audio generator or an rf generator. At best, it pro¬ 
duced a sine wave and, in the case of the audio gen¬ 
erator, perhaps a squarewave. In recent years, a third 
entry has appeared on the scene. It is called a func¬ 
tion generator and is distinguished primarily by its 
ability to produce a variety of waveforms (functions) 
through the audio and sometimes low rf frequency 
ranges. Its repertoire usually includes the sine, 
square, triangle, and perhaps saw-tooth or pulse out¬ 
put waveforms. The spectral purity of a particular 
waveform is usually not quite as good as that from a 
comparably priced generator that is designed to pro¬ 
duce only one waveform, but is usually more than 
adequate for general purpose use. 



Internal view of the function generator showing perf-board. 


Until recently, high cost has relegated the function 
generator to the laboratory, but now several new 
integrated circuits have made it possible for the Ama¬ 
teur to construct his own for a very modest invest¬ 
ment. The function generator described in this article 
uses the XR-2206 integrated circuit manufactured by 
Exar. This 1C can supply a sine wave, triangular 
wave, square wave, and a 50 per cent duty cycle pos¬ 
itive pulse and has the options of a-m and FSK modu¬ 
lation. The frequency can be varied from about 1 Hz 
to above 100 kHz and the output waveform, al¬ 
though not lab quality, is suitable for most Amateur 
applications. The manufacturer states that the sinus¬ 
oidal distortion is less than three per cent over the 
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fig. 1. Complete schematic diagram of the function generator based on the Exar XU-2206 integrated circuit. 


entire frequency range; this isn't bad considering the would be simple to include. R13 controls the fre- 
versatility and circuit simplicity. quency and is panel mounted. R9, RIO, and R11 are 

I added a suitable power supply and power ampli- all trimpots mounted on the circuit board. RIO ad- 

fier to the basic XR-2206 and came up with a very justs sine wave distortion. R11 controls sine wave 

handy addition to my home workshop. The power symmetry, and R9 is adjusted to eliminate any resid- 

amplifier increases the amplitude range, lowers the ual dc component in the sine and triangular wave- 
output impedance, and provides a means of intro- forms. With the components shown in the schematic 

ducing an adjustable dc offset level to the basic (see fig. 1), the frequency can be varied from about 

waveforms. 10 Hz at the low end to slightly over 100 kHz at the 

. . . high end in four overlapping ranges, each with a 100- 

Circuit description to-1 rat j 0 g 3 selects t he frequency range and S2 

The oscillator circuit is lifted almost entirely from selects the waveform. R17 is the amplitude control; it 

Exar's application data on the XR-2206. I elected not is panel mounted and controls the signal level fed to 

to incorporate the a-m and FSK inputs, although they the LM318 operational amplifier which in turn drives 
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the power amplifier stage. R26, R27, and C14 provide 
negative feedback around the entire amplifier sec¬ 
tion, as well as frequency compensation. R14 and S4 
provide an adjustable dc component for the output 
waveform. R24 brings the output impedance up to 
the vicinity of 50 ohms. The power supply uses two 
three-terminal regulators and although the positive 
and negative voltages do not track, it has proven 
quite satisfactory. 

construction 

I built my generator in a small aluminum box with 
mqst of the circuit, with the exception of some of the 
larger power supply components, mounted on perf- 
board. U3 and U4 use the cabinet as a heatsink and 
the two output transistors are equipped with small 
push-on heatsinks. 

adjustment 

Initial adjustment consists of setting R9, RIO, and 
R11 to their optimum settings. Switch S4 to the off 
position and select the sine wave. Be sure that the 
amplitude control (R17) is set so that the output 
waveform is not clipped when viewed on an oscillo¬ 
scope. Alternately, adjust RIO and R11 for the least 
sine wave distortion and best symmetry. Adjust R9 
to eliminate any dc component and repeat the proc¬ 
ess until no further improvement can be seen. A dis¬ 
tortion analyzer would be helpful for these steps if 
one is available, but the "eyeball" technique gives 
fairly good results. Make these adjustments at a fre¬ 
quency of about 10 kHz. 

operation 

Operation is fairly straightforward with the excep¬ 
tion that the square wave will have a slight dc com¬ 
ponent with S4 in the off position. This is easily elimi¬ 
nated by switching on S4 and adjusting R14 to elimi¬ 
nate the offset. The waveforms deteriorate slightly 
around 100 kHz, but are still useful. 

For the modest investment in time and material, 
this little generator has proven to be a very handy 
addition to my shop. I'm sure that some readers may 
have suggestions for improvements and modifica¬ 
tions, and I would be most interested in hearing from 
them. 

I would like to thank Mr. Ralph Flagel for his help 
with the photographs. 
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STOP RF] 
SPILLOVER! 

You may be losing up to half the available 
output from your vertical gain antenna 
because of RF spillover. The amazing 
AEA Isopole with unique decoupling 
design, virtually eliminates RF spillover 
and can help you multiply your power 
in all directions on the horizon relative 
to an ideal half-wave dipole, or end-fed 
non-decoupled "gain" antennas. 

Get the Facts. 

Vlfe’ll send you a design for an RF 
spillover tester and a copy of our 
booklet: Facts about Proper VHF 
Vertical Antenna Design simply for 
contacting Advanced Electronic 
Applications, Inc., RO. Box 2160, 

Lynnwood, WA 98036. Call 
206/775-7373. 
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Gift a ham. 

Anytime is a great time * 
to give HORIZONS! 



citement of 
Ham Radio 
HORIZONS 
with a special 
friend — that 
would-be ham, 
beginner or old- 
timer. HORIZONS 
is definitely a 
thoughtful, inex¬ 
pensive, and unique 
gift... actually it’s 
12 gifts all year long. 
Just for the fun of it, 
GIFT A HAM today! 


DRDER TOLL FREE 
I >258-5353 

or send gift Instructions 
and payment to: 

Ham Radio 
HORIZONS 


1 year(12 issues), $12.00 Greenville, NH 03048 
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semiconductor curve tracing 

simplified 


When used with 
a good scope, 
this versatile circuit 


A laboratory-type curve tracer usually injects a 
staircase waveform of current into the base of the 
unknown transistor, then displays a complete family 
of collector current waveforms on the screen. 1 This 
is an ideal arrangement, but not exactly simple. The 
curve tracer described here displays only one curve 
at a time; to look at an entire family requires the turn¬ 
ing of a knob. I consider this a small price to pay for 
simplicity. It also has the advantage of providing a 


provides a 
wealth of information 
about any 
unknown semiconductor 

Most experimenters have accumulated a vast as¬ 
sortment of semiconductors, many unmarked, unde¬ 
cipherable, or otherwise of unknown characteristics. 
An ohmmeter can provide some information about 
them, such as which transistors are PNP and which 
are NPN; it can also distinguish silicon from ger¬ 
manium, and establish diode polarity. But to really 
gain detailed information requires a curve tracer and 
scope. A curve tracer will reveal nearly all low-fre¬ 
quency transistor parameters such as current gain, 
breakdown voltages, and input-output impedances. 
It will also identify, at a glance, zeners, tunnel di¬ 
odes, and other specialized semiconductors, and 
give much valuable information about their operating 
characteristics. 



By Fred Brown, W6HPH, 1169 Los Corderos, 
Lake San Marcos, California 92069 
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fig. 1. Simplified diagram of the curve tracer. 


continuously adjustable base current, which permits 
the display of any collector curve, rather than only 
discrete values. It's sometimes nice to be able to see 
"between" those discrete curves. 

theory 

Fig. 1 is a simplified diagram of the curve tracer. 
The clamped ac supply swings the collector voltage 
from zero to a peak value determined by the poten¬ 
tiometer setting. This voltage is also applied to the 
scope horizontal input. Vertical deflection is provided 
by sampling current through the 10-ohm resistor in 
series with the emitter. The result is a trace of collec¬ 
tor current vs collector voltage. The small voltage 
drop across the 10-ohm resistor does not significant¬ 
ly affect collector-to-emitter voltage; the error is only 
1/10 volt for 10 mA of collector current. The 10-ohm 
value permits current readings to 100 microamperes 
per cm when the vertical gain is turned up to 1 mV 
per cm. 

If greater sensitivity is desired, a 100-ohm resistor 
could be used, at the expense of a tenfold increase in 
error. The error in Vqe can be avoided by using a 
scope with completely independent horizontal and 
vertical inputs or by tolerating a downward deflection 
for increasing current. But since most scopes have 
one terminal common to both inputs (ground), and 
give a positive deflection upwards, the circuit was 
designed for this type of scope. 

The clamped ac voltage for the collector is created 
by the simple circuit of fig. 2A. This voltage is posi¬ 
tive throughout the cycle (fig. 2B) except for the 



fig. 2. The simple circuit shown at A will produce the 
clamped ac waveform shown at B. 


brief interval, T c , when the diode is conducting. Dur¬ 
ing this interval, the waveform swings slightly nega¬ 
tive by an amount equal to the diode barrier poten¬ 
tial, about 0.7 volt. 

If the transformer and diode were perfect, the 
charge time, T c , for the capacitor would be zero, and 
the output would be a pure sine wave. But since they 
are not, the waveform dwells at approximately -0.7 
volt for the time it takes to charge the capacitor. In 
my unit a very small transformer was used, which re¬ 
sulted in a T c of about 3 milliseconds; with a larger 
transformer it would be less. The dwell time results in 
a bright spot at the beginning of the trace — not real¬ 
ly a disadvantage since it makes the origin easy to 



identify. The spot can be made brighter by omitting 
C2 in fig. 3. 

the circuit 

The complete circuit is seen in fig. 3. A small 
"one-tube" power transformer of the type used on 
early uhf TV converters, boosters, and other one- 
tube devices is used for the two power supplies. The 
"plate" winding is used for the clamped ac supply, 
and the 6.3 Vac "filament" winding is used for the 
constant-current base supply. The latter uses a full- 
wave voltage doubler and is regulated to a constant 
12.6 volts by zener diode CHI. A voltage of 12.6 
rather than 12.0 volts is used because of the 0.6-volt 
base-to-emitter voltage drop in a silicon transistor. 
Since this drop is about 0.2 volt for germanium tran¬ 
sistors, base currents will be about 4 per cent higher 
than indicated when measuring germaniums. 
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Switch S3 provides three ranges for the base cur 
rent adjustment pot, R2. The maximum currents, 10 
nA, 100 nA, and 1 mA, are determined by resistors 
R3, R4, and R5. These resistance values ideally 
should be close tolerance, 5 per cent or better, to en¬ 
sure the precise values of maximum base currents in¬ 
dicated on S3. The scale of R2 is calibrated 0-1.0 in 
divisions of 1/10 to indicate the fraction of base cur¬ 
rent shown on S3. For instance, if S3 is set to 10 nA, 
and R2 is at 0.4, base current would be4^A. 

Switches SI and S2 are polarity-reversing switches 
to accommodate either PNP or NPN transistors. You 
might wonder why these two switches are not com¬ 
bined into one 4-pole switch. The use of two sepa¬ 
rate switches makes possible the testing of deple¬ 
tion-mode fets with no further increase in complexi¬ 


ty. For instance, an N-channel fet is tested by placing 
SI in the NPN position and S2 in the PNP position. 
The fet source, gate, and drain are connected to the 
curve tracer emitter, base, and collector terminals, 
respectively. The result is a positive drain supply and 
a negative gate voltage; the latter adjustable by R2. 
Negative gate voltage can be measured with a VTVM 
connected between gate and source, or base to 
ground terminals on the tracer. 

For the //, = 0 position of S3, the base is ground¬ 
ed. Switch S3 also provides a fifth position in which 
the base is left floating, which is handy for checking 
BVcEO ar *d lCEO• 

construction 

This unit was built into a 2 x 4 x 6 inch (51 x 
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102 x 152 mm) chassis without much crowding of 
components; parts placement isn't critical. 

A variety of transistor sockets can be wired in 
parallel to accommodate the various transistor bas¬ 
ing arrangements in common use. It's also recom¬ 
mended that alligator clips on short leads be included 
for those diodes and transistors that will not fit into 
conventional sockets. These three leads should pref¬ 
erably be of different colors and clearly labeled E, B, 
and C. 

Wirewound pots are recommended for R1 and R2. 
Both these controls have hand-drawn scales. The 
scale of R1 indicates collector (or anode) voltage in 
peak volts; the range is zero to roughly 200 volts 
peak. 

operation 

For best results the tracer should be used with a 
laboratory-type scope that has accurately calibrated 
vertical and horizontal deflection. I use a Hewlett- 
Packard 130B, which works beautifully in this appli¬ 
cation. 

Nearly all work is done with vertical gain set at 10 
mV per cm; the scope then reads 1 mA per cm verti¬ 
cally. Horizontal sensitivity, however, ranges all the 
way from 0.1 volt per cm to at times as much as 50 
volts per cm. 

Since the curve tracer operates at 60 Hz, it will tell 
you nothing about the frequency limitations of your 
transistors. To determine high frequency perform¬ 
ance, an rf transistor tester is recommended.2. 

The current-limiting resistors in series with the 
base make transistor damage unlikely. However, 
damage is possible if R1 is run too high. When test¬ 
ing an unknown device, it's wise to start with R1 set 
near minimum and keep an eye on the scope screen 
as the control is gradually advanced. 

At times you'll notice that part of the characteristic 
curve drifts upwards. This is usually due to heating of 
the device under test. It doesn't normally occur un¬ 
less the amount of heat generated is a significant 
fraction of the maximum device dissipation. It's par¬ 
ticularly apparent with germanium transistors be¬ 
cause of their considerable temperature sensitivity. 

You'll also notice the characteristic curve occa¬ 
sionally takes the form of a very elongated loop 
rather than a single trace. This is because of what is 
called "temperature hysteresis" and is caused by 
cyclical heating of the transistor junction during col¬ 
lector voltage peaks. 3 . 
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CRYSTAL FILTERS and DISCRIMINATORS 

9.0 MHz FILTERS 

XF9-A 2.5 kHz SSBTX $50.60 

- 2.4 kHz SSB RX/TX $68.60 

3.75 kHz AM $73.70 

5.0 kHz AM $73.70 

12.0 kHz NBFM $73.70 

0.5 kHz CW(4pole) $51.55 

0.5 kHz CW(Bpole) $91.35 

9.0 MHz CRYSTALS (Hc25/u) 

XF900 9000.0 kHz Carrier $5.95 

XF901 8998.5 kHz USB $5.95 

XF902 9001.5 kHz LSB $5.95 

XF903 rqqq n t(Hj bpci tnon 

F-05 


XF9-B 

XF9-C 

XF9-D 

XF9-£ 

XF9-M 

XF9-NB 


F-06 


Shipping 
$1.7} 
per filter 


VARACTOR TRIPLERS 


The low cosl. easy^way^^ 1296M 

band varactor 6 tripiers cover life lull 2M/432 bandw^houUetunlng 


MMv432 30 W 


MMV1296 20 W $104.95 

MMV1296H 35 W $136.45 

MMv1265ATV $104.95 

MMv1265HATV $136.45 


RECEIVE CONVERTERS 




I.F. OPTIONS 6M & 2M AVAILABLE. 

Shipping $2.50 

I. F. 2.0 dB typ. . $54.95 

I. F.3.8dBtyp. $60.05 


ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. +12.3dBd DB/2M $55.95 

8 BY 8 VERTICAL POL. D8/2M-VERT. $65.60 

8 + 8 TWIST ^ \ 8XY/2M SS7.75 

420-450 MHz 
MULTIBEAMS 
)X, OSCAR, 


48 EL GAIN + 15.7dBd 70/MBM48 
88 EL GAIN + 18.5 dBd 70/MBMBB 
UHF LOOP YAGIS 
26 LOOPS GAIN +20dBi 

1250-1340 MHz 1296-LY 

1650-1750 MHz 1691-LY_ 



More Details? CHECK-OFF Page 94 
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digital logic probe 


A discussion 
and several designs 
for TTL and CMOS 
logic probes, 
featuring short pulse 
type memories 

When electronic equipment consisted primarily of 
analog circuitry, most maintenance and trouble¬ 
shooting could be handled with a simple volt-ohm- 
meter and some common sense. The VOM was the 
one instrument that could always be found on the 
bench of any ham or electronic experimenter. In 
addition to being generally useful, the VOM had 
much going for it. It was relatively small and easily 
handled. It was generally affordable even by Radio 
Amateurs of very modest means. Although it wasn't 
a precision instrument, if one knew how to use it, 
very good results could be obtained. By and large, it 
is still a most useful tool, but it's one whose relative 
importance has considerably diminished. 

Complementing the VOM today, as the general 
purpose test instrument of digital circuitry, is the 
logic probe. Like the VOM, the logic probe is easy to 
handle, convenient, inexpensive, and, when used 
intelligently, capable of furnishing the needed 
troubleshooting information. 

There isn't much to a logic probe. It is simply a 
device that will indicate the “state" of an accessible 
point in a digital circuit. Using some sort of quick 
response display, like an LED for example, the probe 
will indicate whether the voltage at the test point is 
high, low, or, perhaps, alternating. Does every ham 
and electronic experimenter need one now? Well, 
that's pretty much for the individual to decide, a 
decision to be based on what other equipment is 
around the shack and whether he does his own main¬ 
tenance or pays someone else to do it. 


There is no getting around the fact that each new 
piece of electronic gear hitting the market contains 
more digital circuitry than did its predecessor. Not 
too long ago the digital circuitry in the typical ham 
shack might have been limited to that in the elec¬ 
tronic keyer or, if there was a new and expensive 
oscilloscope, in the trigger circuit of the horizontal 
sweep. Today, digital circuitry is the heart of the fully 
synthesized, VFO, of frequency counters, modern 
capacitance meters, fashionable readouts and dis¬ 
plays, to name a few places, and it's becoming ever 
more commonplace. 

For troubleshooting these digital circuits, it is 
pretty tough to find better instrumentation than the 
simple logic probe. Coupling that observation with 
the fact that a generally adequate logic probe can be 
quickly and easily assembled at a cost of anywhere 
between a few quarters and a few dollars, depending 
upon the status of your "junk" box, it's hard to justi¬ 
fy not having one around the shop bench or shack. 
Just how elegant or sophisticated a probe is needed 
for any given shack is easily determined and, using 
one or more of the following circuit ideas, built. 

If all of the digital circuitry currently in your shack 
operates on + 5 Vdc and you have no particular inter¬ 
est in detecting very short pulses (10 fis or less! 
occurring at very low frequencies, then the very 
simplest of TTL (transistor transistor logic) probes 
should suffice. If your equipment is all in the 5-volt 
category, but there is a reasonable chance that you'll 
be looking for fleeting pulses, troubleshooting the 
triggered sweep of a modern oscilloscope is a prime 
example, then the logic probe should be slightly 
more elegant. The probe will still be based on a TTL 
integrated circuit, but some technique for capturing 
those elusive pulses need be added. 

Some of the newest frequency synthesizers and 
frequency counters are built around LSI, or large- 
scale integrated circuits. Many of these are made up 
of mosfet rather than bipolar transistors. They may 
be operating on any voltage between about + 4 and 

By Raymond S. Isenson, N6UE, 4168 Glen¬ 
view Drive, Santa Maria, California 93454 
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View of the digital logic probe showing the mounting and 
connections within the pill bottle. 


+ 15 Vdc. A logic probe suitable for working on 
these circuits must be able to cope with the entire 
span of voltages. Such a probe is going to entail 
more than the basic probe discussed above. If the 
capability to detect very short pulses or noise spikes 
is desired, it will be still more elegant. However, it will 
be only slightly more complex. In fact, a probe capa¬ 
ble of handling the full spectrum is so simple and little 
more complex than the simplest one that the only 
reasons for building the lesser one is that it's all you 
need for the foreseeable future, every part needed 
for it is in hand, and you have time to build it right 
now! Well, this very simple probe, the circuit of 
which is shown in fig. 1, has done yeoman service 
for me over five years and has on only the fewest of 
occasions been inadequate to a task at hand. It's not 
to be sold short. 

simple logic probe 

I previously pointed out that a logic probe is simply 


a device that will indicate the "state" of an accessible 
point in a digital circuit. Thus, the probe must have 
some sort of a readout, and its readout should be 
unambiguous. The probe ought to be convenient to 
use, and it must not upset or influence the circuit 
being observed. Fig. 2 is a circuit diagram for a very 
simple logic probe. It should be adequate for most 
purposes, just as long as its use is limited to 5-Vdc 
circuits. With a minor exception, it's the circuit of a 
kit that was widely available a few years ago. 

Isolation between the logic probe and the circuit 
under test is provided by the 10k resistor in the base 
of Q1, which can be any NPN switching transistor 
with a low-current beta equal to or greater than 
about 50. A 2N2222 would be just fine. All of the 
logic and the display drive is provided by an inexpen¬ 
sive 7404 hex inverter. The two LEDs make up the 
readout. LED A is turned on when the probe sees a 
high, LED B a low. If the test point has an alternating 
voltage, the two LEDs will blink alternately or appear 
to be both on depending upon the pulse frequency. 
Power to operate the probe is taken from the circuit 
under test. As each inverter of the 7404 can source 
about 15 to 20 mA, there's adequate current to drive 
the LEDs to a reasonable brightness. The current lim¬ 
iting resistors protect the 7404 and the LEDs. The 
whole thing is assembled in a salvaged plastic pill 
bottle or the like. 

If the two LEDs are of different colors this logic 
probe, exactly as described, could be satisfactory. 
However, if only LEDs of the same color are avail¬ 
able, the resultant readout might be something less 
than desirable. The logic probe is small, hand-held, 
and is frequently used to probe densely packed cir¬ 
cuitry. It isn't advisable to let one's eyes stray too far 
from the tip of the probe if the risk of accidentally 
shorting a couple of pins together is to be avoided. 
This means that it is most advantageous if the read¬ 
out is such as to permit reading "out of the corner of 
the eye." A distinctive difference in the readout for 
high or low is most desirable. An elegant and inex¬ 
pensive way of accomplishing this is shown in the 



fig. 1. Schematic diagram of a simple logic probe for use 
with strictly 5-volt circuitry. 
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circuit of fig. 1. MAN 3A or MAN 3M LED readouts, or 
their equivalents, are available for as little as $1.00 (or 
less) on the surplus market. One of these devices 
coupled to the output of the SN7404 hex inverter, as 
shown in fig. 1, makes for a most ingenious little dis¬ 
play. A high at the probe tip causes the hex inverter 
to drive the numeric display so that a 1 appears. A 
low at the probe tip results in a 0 being displayed. If 
there is a pulsating signal at the test point you will 
see a P. 

I did not originate this circuit; it is merely one of 
several that were available as inexpensive kits over 
the past several years. The output transistors of the 
hex inverter source the current to drive the LED seg¬ 
ments. As this circuit uses no current-limiting transis¬ 
tors between the 7404 and the display, a short in the 
latter will likely destroy the inverter. That’s the pri¬ 
mary weakness of an otherwise very clever circuit. 

The MAN 3A was used because it was available. A 
common-anode display could be used with, of course, 
appropriate interchange of connections. The signifi¬ 
cant point is that the output transistor is capable of 
sinking up to 30 mA, so that you can use either a 
common-cathode or common-anode display. This is 
not true, as will be discusses later, if the TTL device is 
replaced with an MOS device. Referring again to the 
probe shown in fig. 1, the two leads are connected 
to the Vcc and ground of the circuit under test, and 
the probe is held against the test point. Fig. 3 shows 
the printed circuit board layout as seen from the foil 
side. The overall size of the board is tailored to fit 
snuggly into the pill bottle so it may be necessary to 
make some slight changes to the printed-circuit 
board layout to fit any given plastic bottle, 
pulse memory 

When the instrumentation target is a very fleeting 
positive going pulse, such as in the previously sug¬ 
gested example of the trigger circuit of a modern 
oscilloscope, or if you are trying to ferret out some 
suspect random noise pulses in that new desk top 
computer, the logic probe must see and retain the 
high long enough to produce a visible signal on the 



fig. 2. Schematic of the basic logic probe which used single 
LEDs to indicate either a high or low logic level. A cyclic 
signal will cause the LEDs to flash or both appear to be on 
due to the repetition rate. 



fig. 3. Etching pattern and parts placement diagram for the 
simple TTL logic probe. 


LED display. An acceptable way of accomplishing 
this pulse "stretching" is through recourse to a one- 
shot multivibrator as a memory circuit. A very short 
incoming pulse, too short to be seen directly on the 
LED, is fed by the input amplifier of the probe to the 
input of the one shot, triggering it on. The output of 
the multivibrator is placed in parallel with one of the 
normal outputs of the hex inverter. The pulse dura¬ 
tion at the output of the multivibrator is tailored by 
the time constants of the circuit so as .to ensure a 
visible signal. Where the logic probe is to be used on¬ 
ly on a + 5 Vdc supply, and if there is an SN74121 in 
the junk box, a possible probe circuit is shown in fig. 

4. The length of the output pulse duration needed to 
yield an acceptable display can be determined ex¬ 
perimentally by varying R1, Cl, or both. 

versatile logic probe 

An alternative short term memory uses the ubiqui¬ 
tous 555 timer. The connections for the 555 as a 
pulse stretcher is shown with a CMOS rather than a 
TTL hex inverter. Nevertheless, it can be used with 
the latter in exactly the same way. This, the most 
flexible and elegant logic probe, is presented in fig. 

5. It can be used with any logic circuitry operating 
between approximately 4 and 15 Vdc. This means 
the logic probe can be used for RTL, DTL, TTL, or 
CMOS; in fact, for about any existing digital circuitry 
except for l 2 L. On the lower side, the voltage limita¬ 
tion is the efficiency of the LED display. With prime 
LEDs, it might be possible to work down to about 3 
volts. On the high side, the limitation is the upper 
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limit on Vqd for the 4049 CMOS hex inverting buffer 
used as the logic chip and display driver. If a Fairchild 
F4049 is used, Vpp could safely go as high as 18 Vdc 
without damaging the probe. At any rate, it is most 
unlikely that the user will be confronted by voltages 
exceeding the range of 4.5 to about 13.8 volts so any 
4049 will be acceptable and almost any surplus 
common-anode, seven-segment readout will work 
satisfactorily. 

Being aware that the 74C04 and CD4069 CMOS 
hex inverters are pin compatible with the TTL 7404, 
one might well ask why go to the trouble of redesign¬ 
ing the circuit. Why not just replace the 7404 of the 
previously described logic probe with its CMOS coun¬ 
terpart and let the circuit go at that? There are two 
reasons why this cannot be done. The first has to do 
with the nature of the output mosfet of the CMOS 
chip, the second with the current limitation of the 
LED display. 

In discussing the logic probe built around an 
SN7404 TTL hex inverter, note was made that the 
output transistors could each source about 15 mA or 
sink 30 mA. This permits the designer to select either 
a common-anode or common-cathode seven-seg¬ 
ment LED display with the full confidence that there 
will be adequate current for safe direct drive of the 
LEDs. The 74C04 or 4069, on the other hand, are spe¬ 
cified as being able to sink or source considerably 
less than 1 mA for + 5 Vdc Vqd operation and 1.5 to 
2 mA for 15-volt operation. The chip might be used 
with a common-cathode display, but the light inten¬ 
sity would be low. Used with a common-anode dis¬ 
play, the CMOS output stage would quickly fail if it 
were forced to sink enough current for the LED to be 
acceptably visible, a function of the voltage applied 
to the common anode of the display and the size of 
the current-limiting resistors. 

The problem is circumvented by turning to the 
CMOS 4049, a hex inverting buffer. These CMOS buf¬ 
fers provide both the necessary logic for the probe 
and a high current output capable of safely driving 
the LED load. It is not, however, as flexible as the TTL 
7404. The CMOS buffer will typically sink about 5 mA 
with a Vqd of 5 volts and about 20 m A for a 15V Vdd- 
Under the same operating voltages, it will source 
only 1 to 3 mA. Thus, the TTL design option of using 
either a common-anode or a common-cathode con¬ 
figured display is closed; only a common-anode 
device can be used. How this is done is shown in the 
circuit in fig. 5. 

The other major concern when designing the logic 
probe for this very wide range of operating voltages 
is the current limitations of the LEDs themselves. The 
generally useful current range of most LEDs is about 
2 or 3 to 1. That is, starting with no current through 


the LED, current is gradually increased until first, the 
light output is barely adequate to be seen in a lighted 
room and then second until the LED fails. The current 
at failure will be about 2 to 3 times that at "visible." 
By the way, this isn't offered as a "scientific truth," 
but rather as an observation based on experience and 
generally supported by pertinent specification 
sheets. Q2 and ZD1 in fig. 5 provide a voltage regula¬ 
tor whose output is applied to the common anode of 
the display. As the applied voltage at the Vdd lead of 
the probe is varied between +5 and + 15 volts, the 
voltage at the output of the regulator varies between 
4.4 and 6.2 Vdc. In the path between the output of 
the regulator and ground there is the 1N914, across 
which there will be about a 0.6-volt drop, the LED 
itself, which will account for a drop of 1.7 volts, and 
the current-limiting resistor which must make up the 
rest of the drop. The variation in voltage across the 
resistor, for the 4.4 to 6.2-volt swing, will thus be 2.1 
to 3.9 volts, considerably less than 2:1 range. The 
LED current will be limited to the same range, one 
that is quite safe. 

Three 1N914 diodes are shown between the 4049 
and the LED readout in fig. 5. These diodes perform 
several functions so, unlike the diodes in fig. 1, can¬ 
not be replaced by slightly larger current-limiting 
resistors. This probe is designed to be used with 
operating voltages as high as 15 volts. Under this 
condition, and when the output of the buffer is in the 
high state, the output will approach 15 volts. Mean¬ 
while, because of the voltage regulator, the anodes 
of the LEDs are close to 5 volts. The 1N914s protect 
the LEDs from what otherwise would be about a 10- 
volt reverse voltage, some 4 to 7 volts more than the 
maximum permitted according to the manufacturer's 
specifications. A second function of the diodes, or at 
least two of them, is to isolate the output mosfets of 



The monostable is used to capture any short-duration 
pulses for display on the LED display. 
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pulse memory. A 555 timer is used as the memory element; 
a common-anode display must be used in this version. 

the inverter buffers from each other. Either of two 
inverters may go low to turn on segment E of the LED 
while the other is high. The diode isolation permits 
this to occur without risk to the 4049. 

Unused inputs of CMOS ICs are never allowed to 
float. They are tied high, low, or to a used input. In 
the design of the circuit of fig. 5 the inverters were 
simply paralleled as necessary so that no inputs were 
allowed to float. 

Just as the pulse stretcher for the TTL-based logic 
probe design could have been a 74121, this 
CMOS-based design could as well be a CD4047A 
monostable/astable multivibrator. The 555 timer was 
used because it's smaller and was available; it is also 
less expensive. There's nothing unusual about the 
employment of the 555; the one-shot configuration is 
right out of the book for a negative going trigger in¬ 
put and a one-shot stretched output. The output 
pulse length is given as 1.1 RC where the RC applies 
to the resistor between Vqd and pins 6 and 7 and the 
capacitor between this point and ground. The com¬ 
ponent values shown on the schematic were found, 
experimentally, to give a pulse that was just long 
enough to barely flash the Litronix readout. For test 
purposes, 0.25-microsecond pulses were generated 
at a pulse frequency of one pulse per second. Read¬ 
out visibility was very acceptable. The test circuit is 
described briefly at the end of this article. 

Obviously, the readability of the output for a 
stretched pulse can be enhanced simply by increas¬ 
ing the RC time constant in the 555 timer circuit. In 
designing the probe, however, the duration of the 
stretched pulse was deliberately kept to the useful 


minimum; the probe readout differentiates between 
short pulses or noise pulses at low frequency reoc¬ 
currence rates and low frequency "clocking" 
phenomenon. 

With a low-frequency, alternating state signal at 
the probe point (10 Hz or less), the readout will alter¬ 
nate between 1 and o. At a higher frequency and in 
particular where the duty cycle is between 20 and 80 
per cent, the eye of the observer is fooled into seeing 
a steady P. For very short positive-going pulses at 
low-frequency rates, the display is a brief P followed 
by an extended o. At higher frequencies, the display 
takes the form of a fairly bright o with a dim staff to 
form the P. 

None of the described logic probes will indicate the 
presence of a brief negative-going pulse. This is a 
design limitation accepted because I have never 
found need for that capability and because providing 
for it does cause some additional circuit complica¬ 
tion. If the added capability is required, it can be 
achieved by modifying the CMOS logic probe as 
follows. Replace the 555 timer with a 556 dual timer. 
Isolate the two paralleled hex inverters. Connect the 
input of one of these inverters to the collector of Q1 
and its output to the input of the added timer. Con¬ 
nect the output of the added timer to the input of the 
other freed inverter and its subsequent output to the 
cathode of an additional 1N914. The anode of the 
1N914 connects to the anode of the existing 1N914 in 
the circuit coupled to the three LED segments that 




diagram for the CMOS logic probe. 
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make up the switched element of the o. In the 
presence of an occasional negative-going pulse, the 
display should be a 7 changing to a P when each 
pulse appears. The passive components associated 
with each half of the 556 should be the same as those 
shown for the probe in fig. 5. 

Having decided upon the circuit to be implement¬ 
ed, the next step is to collect the pill bottle to be used 
as the case. This is an important step because the 
size and shape of the pill bottle will determine the size 
and layout of the circuit. Fig. 6 shows the circuit 
board layout of the CMOS logic probe described in 
detail above. It will be useful if your pill bottle will 
take a VA x 2 %-inch (3.0 x 6.0-cm) board. 

Printed circuit board techniques were used for 
both probes shown in this article only because it was 
convenient to do so. Wire wrap techniques or even 
point-to-point wiring on sockets mounted in perf 
board would be just as good. The logic probe is fun¬ 
damentally a low-frequency device. It would be diffi¬ 
cult to find a poor construction technique as long as 
the workmanship is good! 



fig. 7. Pulse generator to test the short pulse memory 
capability of the logic probes. 


Test of the completed circuit for all but the pulse 
stretching feature is easily accomplished. Connect 
the Vqd and Vss or Vgc and ground wires, depend¬ 
ing upon your choice of CMOS or TTL, to an appro¬ 
priate power source. If everything is working proper¬ 
ly the readout will display a o. Touch the probe to the 
positive voltage terminal of the power supply and the 
o should change to 1. The circuit shown in fig. 7 will 
test the pulse capture feature if one has been includ¬ 
ed. Pulse length of the output pulse of the 74121 is 
approximately 1400*C1 seconds. If Cl is 180 pF, the 
pulse at the test point would be 1400*180*10- ^sec¬ 
ond or approximately 0.25 microsecond. 

The logic probe is a very practical instrument to 
have around the shop or shack. If you don't have one 
and can squeeze out an evening, try one of the cir¬ 
cuits presented here. It won't be long before you 
begin to wonder how you ever managed to get along 
without it! 
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Larsen’s clan of 
Kiilrod Antennas 
deliver top 
performance 
and 
value! 


Performance and value are built into every 
Larsen Antenna because of craftsmanship that 
accepts no compromise. 

Making mobile antennas, mount’s and 
accessories is Larsen's only business. All of the 
company's research, engineering and production 
efforts are directed to making the best antennas 
money can buy. The end result is the exclusive 
Kulrod by Larsen. A Kulrod antenna delivers 
maximum radiation efficiency instead of losing power 
to heat. 

Larsen's antenna clan includes low band, high 
band, quarter wave, VHR UHF mobile, fixed base 
and Kulduckies for hand-helds. And Larsen offers 
every type of permanent and temporary vehicle 
mount — including a magnetic model that's a 
real grabber. 

So whatever band you operate on, if your 
antenna is a Larsen you'll HEAR the difference! 



rsen flntennos 


RO. Box '686 
Vancouver. WA 98668 
Phone. (206) 573-2722 


In Canada, write to 
Canadian Larsen Electronics, Lid. 
283 E 11th Ave., Unit 101 
Vancouver. B.C. V5T 2C4 
Phone (604)872-8517 



august 1980 EH 43 


More Details? CHECK-OFF Page 94 



challenge for 

microwave-antenna designers 


New ideas are needed 
for low-cost, efficient 
microwave antennas 
for satellite 
TV reception 

Attention antenna-design enthusiasts: Will you 
be the person who develops a novel idea for low-cost 
antennas for satellite TV reception? There's a real 
challenge waiting to be met, and this challenge is a 
prime opportunity for Amateur Radio operators to 
make a significant contribution to an important new 
and growing segment of space-communications 
technology. Conventional parabolic-reflector anten¬ 
nas are too costly — new ideas are needed to reduce 
the cost of antennas with 40-50 dB gain at 4 GHz. 

TV receive-only terminals 

There is a TV technological revolution underway, 
and the advanced hobbyists who are a part of that 
revolution have been searching for a gallium arsenide 
fet low-noise amplifier or a low-cost 12-foot (3.7- 
meter) parabolic reflector antenna for a home TV 
receiver terminal. Many hobbyists have succeeded in 
obtaining enough gain and a decent signal from a 
backyard antenna aimed at one of a dozen — soon to 
be more — satellites transmitting from above the 
equator. 1 . 


These installations are called TV receive-only ter¬ 
minals, or home TVROs. Home TVROs are already the 
province of skilled and dedicated experimenters. The 
number of private terminals in operation is difficult to 
determine since very few are licensed, but some esti¬ 
mates are as high as 1000. 2 

Video programming on domestic satellites current¬ 
ly offers a great deal in the way of quality entertain¬ 
ment and information, and it will get even better in 
the future. Satellite distribution of these TV pro¬ 
grams to private and shared receiver terminals allows 
anyone in this country to participate in a new and 
entertaining form of communications. Technical ses¬ 
sions at WESCON by J.C. Bacon, 1 J. Kinik, 2 H.P. 
Shuch, 3 and H.T. Howard 4 form the basis for much 
of the information in this article. 

FCC deregulation 

Much is happening in Washington to help give 
people these new opportunities. 1 Bills in both the 
Senate and House to rewrite the 1934 Communica¬ 
tions Act have been introduced, deregulation trends 
are underway at the FCC, and the Executive Branch 
has initiated several actions to expedite these efforts. 

The Justice Department has responded to the FCC 
in favor of deregulation of receive-only earth stations 
stating that the language of the 1934 Communica¬ 
tions Act, which created the FCC, authorized regula¬ 
tion of transmitting devices — not receive only. 1 

The Federal Communications Commission decided 
on October 18, 1979, to drop its licensing require¬ 
ments for satellite receiving stations. 5 The action 
eliminates the requirement that persons constructing 
a receiving antenna have it coordinated to eliminate 
interference. It also ends a requirement that they 


By D. H. Phillips, W6FOO, 1345 Arizona 
Avenue, Milpitas, California 95035 
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fig. 1. Billboard parabolic reflector construction for low- 
cost TVRO antenna. 

obtain a construction permit and ultimately a license 
to operate the receiving station. 

Those who want licenses, to obtain government 
protection from interference with the signals they re¬ 
ceive, will still be able to apply, the commission said. 
But it also said the licensing will be entirely optional. 
The FCC said it took the action to eliminate the costs 
of the licensing process for builders of receiving sta¬ 
tions and to end delays involved in obtaining a 
license. 

FCC Chairman Charles D. Ferris noted that, while 
operators of unlicensed stations will not be protected 
from interference, this can normally be eliminated by 
relocating the station slightly, which is usually less 
costly than obtaining a license. 5 Operators of receiv¬ 
ing stations will still have to obtain permission from 
the operators of the sending satellites to receive their 
transmissions. 5 



fig. 2. Sandpile parabolic reflector construction for low-cost 
TVRO antenna. 


low-cost novel 
designs are needed 

In January, 1977, the FCC ruling allowing the use 
of 4.5-meter diameter antennas for TV receive-only 
earth terminals created a strong need for low-cost 
antennas in the 4.5 to 6 meter size range for the first 
time. 2 

Two suppliers. Scientific Atlanta and Anixter- 
Mark, have invested in tooling to stamp out panels to 
the correct curvature on a mass production basis. 2 
Another supplier. United States Tower Company, 
has combined a fiberglass reflector with an aluminum 



fig. 3. Typical TV receive-only (TVRO) terminal for receiving 
signals from geosynchronous communications satellites. 
Problem: Design a low-cost antenna of good structural in¬ 
tegrity and adequate rf performance. 


backup structure to realize a more cost-effective de¬ 
sign. The nominal current price levels for the lowest- 
cost designs offered by the commercial suppliers are 
$1500 for 3-meter diameter, $4000 for 4-meter diame¬ 
ter, and $6000 for 5-meter diameter antennas. 2 These 
antenna costs must be reduced, through novel an¬ 
tenna designs, so that the total cost of a complete 
TVRO terminal can be kept low enough to be afford¬ 
ed by nearly everyone. 

satellite TV signals 

The technological revolution which makes possible 
the distribution of television programming via satel¬ 
lite is based on receiving DOMSAT (Domestic Com¬ 
munications Satellite) signals. 3 The downlink band 
used by most North American DOMSATs is 500 MHz 


46 Q1 august 1980 





wide, and for a given antenna polarization there will 
be present up to twelve video carriers spaced 40 MHz 
apart. These signals are of extremely low amplitude, 
and this complicates the design of TVRO antennas. 

It has been shown that, for the illumination con¬ 
tours typical of most North American DOMSATs, 3 an 
optimum private-terminal antenna will exhibit on the 
order of +41 dBi gain.* Given the signal power 
(EIRP) and path loss numbers listed in table 1, the 
signal level available to the low-noise amplifier will be 
on the order of -90 dBm. 

technical requirements 

The dominant requirement for private TVRO anten¬ 
nas is low cost, while of course retaining reasonable 
structural integrity and adequate rf performance. 
These three considerations establish the baseline for 
a set of requirements, but the process of arriving at a 
set of such requirements is one which is more practi¬ 
cal than scientific — thereby creating a challenging 
opportunity for ham radio operators and experiment¬ 
ers who can make a significant contribution to an 
important new and growing segment of space-com¬ 
munications technology. 

A low-cost design must not require high-cost fabri¬ 
cation methods, tooling, or labor. It should also have 
a minimum weight and volume to keep costs down, 
and it should be designed with ease of installation in 
mind to avoid expensive hoisting equipment. Total 
installation time should be kept to a minimum. An 
additional requirement is that the design should be 
amenable to kit construction techniques. These 
goals, if met, can be combined with gallium arsenide 

table 1. Typical DOMSAT signal characteristics (from refer¬ 
ences). 


video carrier 

adjacent channel spacing 
orthogonal channel spacing 
frequency band 
peak deviation 
maximum video frequency 
pre-emphasis curve 

audio subcarrier 
frequency 
peak deviation 
maximum audio frequency 
pre-emphasis time constant 

composite 
EIRP 
path loss 

99% power bandwidth 
received spectral density 


24 

40 MHz 
20 MHz 
3.7-4.2 MHz 
10.25 MHz 
4.2 MHz 
CCIR 405-1 


6.8 MHz 
75 kHz 
15 kHz 
75 pSec 


+ 65 dBm 
-196 dB 
36 MHz 


-206 dBm/Hz 


•Gain referred to an isotropic source. Editor. 


table 2. Technical performance goals for 3.7-4.2 MHz TVRO 
antenna. 


required 
minimum 
40 dBi 
45% 

75 mph 


45 dBi 
55% 

75-100 mph 


integrated circuit technology 6 to develop a superior 
TVRO terminal. 

new design ideas? 

The optimum low-cost TVRO antenna has yet to be 
designed and developed. This is an active area of re¬ 
search, and some new ideas are beginning to 
emerge. One idea, shown in fig. 1, requires only low- 
cost materials and requires no expensive metal shap¬ 
ing. A second idea is illustrated in fig. 2. This clever 
design is based on an idea by John, K6EJF, who sug¬ 
gested using spray-on material of the type often used 
for coating swimming pools. The template can be 
made of plywood and a guide-pin or rod can be 
driven into the sandpile for attachment to the 
template. 

New microwave antenna designs and discoveries 
are bursting forth at a rapid rate. An example of this 
is the discovery that the snow sled saucers sold as 
kids' toys exhibit 22 dB of gain at S band! 4 A similar 
antenna was constructed from a child's 25-inch (64- 
cm) snow sled saucer and a feed horn was made 
from a one-pound coffee can. The saucer is not a 
true parabola but is close enough to give 15+ dB of 
gain at 2 GHz. 7 

Will you be the person who develops a new idea 
for low-cost antennas for satellite TV reception? I'd 
like to hear from you if you have a clever idea for the 
construction of a new low-cost antenna. Your infor¬ 
mation may be useful during the preparation of a 
subsequent article on the subject of TVRO terminals. 
Write to Dr. D.H. Phillips, 1345 Arizona Avenue, Mil¬ 
pitas, California 95035. 
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calculating the 

cascade intercept point 

of communications 


receivers 

New equations 
for calculating 
a receiver’s 
cascade intercept point 
are a powerful 
design tool 

On today's heavily used Amateur bands which 
have many extremely strong signals, receivers with 
high dynamic range are required. Many articles have 
treated the considerations and problems of designing 
a high dynamic range receiver from the circuitry 
point of view, but a systematic approach to receiver 
design seems to be lacking. 

receiver system design 

The best way to approach a receiver design prob¬ 
lem is with a block diagram. By identifying the vari¬ 
ous functional blocks in a receiver, the critical param¬ 
eters for dynamic range (input intercept point, noise 
figure, and bandwidth) can be predicted for the over¬ 
all receiver. 


Dynamic range may be defined as 


where DR = spurious-free dynamic range, dB 

IPa = third-order input intercept point, dBm 
MDS = minimum detectable signal (noise 
floor), dBm 

For a system at room temperature the minimum de¬ 
tectable signal is 

MDS = - 174 dBm + NF t + 10logBW n (2) 

where NF, - overall system noise figure, dB 
BW n = system noise bandwidth, Hz 
Note that the system noise bandwidth is usually well 
approximated by the 3-d B bandwidth of the narrow¬ 
est filter in the system. The total (or cascade) noise 


The minimum discernible signal can be calculated 
from the last three equations, but some method is 
needed to predict the system's input intercept. 


By Brian P. Gross, WA7TDB, 2900 East 
Aurora Avenue, No. 146, Boulder, Colorado 
80303 
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Gain + 10dB - 7dB +20dB 

IP o3 +20dBm +20dBm +50dBm 

fig. 1. Simple converter used to illustrate cascade IMD 
equations. Note that although only two nodes are specified, 
there are two other nodes (on either side of the mixer) that 
could be used for intercept point calculations. 


where n is the order of the intermod (2 for second 
order, 3for third order, etc.), and 

IP m is the reflected intercept (of the appro¬ 
priate order) of the mth element 

All the intercepts of the various system elements 
must be reflected to a single node. The example in 
fig. 1 will help clarify this. 

First a table must be drawn up (table 1) that con¬ 
tains the reflected intercept points. Note that input 
intercept plus gain equals output intercept 
(IP, + G = 1P 0 ). 


cascade intercept point 

To obtain the intercept point for a system, the in¬ 
tercept points of the various functional blocks will be 
combined in such a way as to predict the input or 
output intercept of a system. 

There are two ways of approaching the cascade in¬ 
tercept point equations. The first is to assume the in¬ 
termodulation products are coherent; when the 
products are coherent their voltages wil add in 
phase. The second approach is to assume the inter¬ 
modulation products are non-coherent; in this case 
their voltages will combine as a sum of squares. 

The assumption of coherence will always result in 
the lower predicted intercept point and for most 
Amateur applications is the preferred approach. 
There are situations, however, where the assumption 
of non-coherence is reasonable; the most obvious 
situation is a microwave system where phase shifts 
between system elements may place the products 
out of phase. 

coherent summation 

The equation for coherent summation* is 

- (n - 1)IP, 

jp ( = log (10 20 

~(n- 1)IP 2 

+ 10 20 (5) 


Substituting the information in table 1 into eq. 5, 
the input intercept (node A) turns out to be 
IP it = +9.14 dBm. The output intercept (node B) is 
IP ot = +32.14 dBm. 



non-coherent summation 

For the case of non-coherent summation the cas¬ 
cade intercept point equation is 

~ (n ~ 1)IP, 

IP t = ~J l °g (1° W 

~(n - 1)1P 2 

+io 10 ~ (6) 

If non-coherent summation was assumed for the 
system of fig. 1 , the input intercept becomes 
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ANTENNA COMPONENTS 



Amphenol 83-1SP PL-259 connectors.75 ea. 

Amphenol UG-175/U adapters (RG-58).25 ea. 

Amphenol UG-176/U adapters (RG-8X. RG-59).25 ea. 

Amphenol PL-258, straight adapter. 1 07 

ALSO IN STOCK 

Larsen Mobile Antennas « Hustler Mobile Antennas • Palomar 
Engineers • Centurion International Rubber Duck Antennas 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 


All Items F.O.B. Lincoln, SI 00 minimum shipping. Prices subject to change 
without notice. Nebraska residents please add 3% tax. 

Communications 

730 Cottonwood Lincoln, Nebraska 68510 
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IP„ = +9.91 dBm and the output intercept be¬ 
comes IP ot = +32.91 dBm. In this simple example 
the results from eq. 5 and eq. 6 are nearly identical. 
In general, however, as the system becomes more 
complicated, the difference between the two will be 
much larger. 

receiving converter 

The block diagram of fig. 2 represents a receiving 
converter I built. It provides a convenient example 
system for comparing the predicted and measured 
parameters. Using the data in fig. 2, a table of re¬ 
flected intercept points can be drawn up (table 2); 
by using the formula for coherent summation (eq. 5} 
the resultant input intercept can be calculated, and 
from eq. 4, the system noise figure can be cal¬ 
culated. 

table 2. Calculated intercept point for the receiving circuit 
shown in fig. 2. Measured intercept point is shown in paren¬ 
theses for comparison and shows good agreement. 

reflected intercept point 

element IP I2 IP, 3 

2 + 64.35dBm +34.35 Bm 

5 + 52.90 dBm +20.65dBm 

6 - +19.90 dBm 

8 - +13.90dBm 

IP h +50.84 dBm +12.22 dBm 

( + 54.0 dBm) 1 + 13.0 dBm) 

Using eq. 4 the predicted system noise figure is 7.1 
dB; dynamic range can now be predicted. If a 500-Hz 
filter were placed after the system shown in fig. 2, 
then the MDS = -139.91 dBm and the dynamic 
range would be 101.42 dB. 

Two-tone and noise figure tests were run on the 
system of fig. 2 which resulted in measured 
IP i2 = +34.0 dBm, IP i} = +13.0 dBm, and 
NF, = 6.9 dB. These tests show excellent agree¬ 
ment with the predicted data, 
conclusion 

The cascade intercept point equations, when used 
in coombination with the cascade noise figure equa¬ 
tion, provide a powerful tool for rf system design. 
Derivations of eq. 5 and eq. 6 will be sent to in¬ 
terested readers upon receipt of a self-addressed, 
stamped envelope. With these equations a receiver 
designer can predict a system's characteristics 
without investing in any hardware, 
acknowledgments 

My thanks to Rich Phillips of ARGOSystems 
(formerly of ESL, Inc.) for initially pointing out the 
utility of these equations. My thanks also to Wes 
Hayward, W7ZOI, for kindling my interest in receiver 
design. 
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diode frequency divider 


Using diodes as 
voltage-variable capacitors 
to produce 
a sine wave 
at one-half 
the input frequency 

The use of diodes as frequency multipliers, and 
particularly as doublers, has been well known for a 
good many years. Such applications are covered 
quite well in a recent ARRL publication 1 and provide 
many ideas to the Amateur builder and experimenter. 
However, one application for diodes that I don't 
recall finding in an Amateur publication is their use in 
a frequency divider, with what is practically the same 
circuit! 

Consider fig. 1A, which is a standard full-wave 
rectifier. It is familiar to just about every ham as is the 
output waveform, fig. IB. The fundamental fre¬ 
quency has been cancelled by the full-wave circuit, 
and a quite respectable frequency doubler is the 
result. 


frequency-divider circuit 

Now let's change the circuit slightly to that of fig. 
2. We will feed a signal of frequency / through a 
blocking capacitor to the diodes, reversing the direc¬ 
tion taken when the circuit was a rectifier. There is 
another difference, as well, as the clamping action of 
the diodes builds up a bias voltage across the block¬ 
ing capacitor, and the diodes are operating in their 
nonconducting range. Furthermore, the center- 
tapped transformer has become a center-tapped tank 
circuit by the addition of a capacitor that tunes the 
circuit to f/2, one-half the input frequency. 

Operating in their nonconducting range, the 
diodes present only their junction capacitance to the 
circuit and are now regarded as capacitors. Even 
though both diodes may be of the same type and 
rating, their junction capacitances will not be identi¬ 
cal, so a voltage will build up on one end of the tank 
circuit. The voltage on the other end will be of oppo¬ 
site polarity, increasing the reverse voltage on that 
diode, further increasing any differences in the 
capacitances. When the next input pulse appears, 
the polarity of the voltages on the tank circuit will 
have reversed due to the flywheel effect of the tuned 
tank. Thus, successive input pulses will affect alter¬ 
nate ends of the tank, resulting in a signal of half the 
input frequency. Input power transfer will probably 


By Henry S. Keen, W5TRS, Fox, Arkansas 
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fig. 1. Standard full-wave rectifier (A) and the typical output 
waveform it produces (Bl. 


be improved if some form of input matching network 
is used. 

The power limitations of this circuit are a function 
• of the diode characteristics, such as junction capaci¬ 
tance, leakage, and peak inverse voltage. Of course, 
power varactors are available at several bucks a 
throw, which would probably be more predictable in 
their operation; but silicon diodes out of your junk 
box may be pressed into service for a tryout. 

suggested applications 

A frequency divider such as this should offer a 
quick means of giving 160 meters a whirl, using the 
80-meter rig, and without the necessity of building a 
separate new transmitter! My first use of the circuit 
involved a pair of top-hat diodes to reduce a 910-kHz 


fig. 2. The diode frequency divider. A signal, f, is applied 
through a blocking capacitor, which reverses the signal 
direction. The center-tapped transformer is now a center- 
tapped tank circuit with the addition of a variable capacitor. 
Circuit delivers a good sine wave with good efficiency. 


oscillator signal to 455 kHz in experiments with DSB 
reception. Unless the diodes are badly mismatched, 
it works right off. The value of resistor R of fig. 2 
should be quite high, as we are interested only in 
biasing the diodes into the non-conductive region. 
With a good pair of diodes, resistances up to 100 k 
would seem a reasonable figure. 

This circuit delivers a good sine-wave signal with 
good efficiency, as there is little in the circuit to dissi¬ 
pate input power when the diodes function as volt¬ 
age-variable capacitors. 
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an accurate 
and practical 

AFSK generator 


Putting the Exar XR-2206C 1C 
to work in a circuit 
for RTTY enthusiasts 

It's no secret that Amateur RTTY is enjoying a 
huge rate of growth and energy. Much of this inter¬ 
est can be directly traced to the newer video display 
type of TTY terminal and its quiet fascination. This 
same upsurge has caused many old-time RTTYers to 
dust off the mechanical machine and join in. Regard¬ 
less of the type of terminal used, electronic or 
mechanical, the operator must provide the tone 
demodulation and FSK generator between his termi¬ 
nal and the radio gear. Most high-frequency stations 
use an AFSK audio input to an SSB transmitter, thus 
creating a need for a good AFSK generator. A great 
many circuits have been developed to fulfill this 
need, both simple and complex. 

To fulfill my,need for an AFSK generator, I looked 
over what had been designed and found either the 
555 1C type oscillator or the crystal-controlled sys¬ 
tem. The former is not known for best stability with 
time and/or temperature, and the latter sometimes 
deserves a Nobel .prize for complexity and would not 
fit the space requirements in my new converter. 

Some time ago a data sheet came across my desk 
on a function generator in one 1C package, made by 
Exar.* If that data sheet was to be believed, my 
answer was in the XR-2206C. After thoroughly test¬ 
ing the final circuit (fig. 1), I believe this AFSK gener¬ 
ator is the most accurate and simply practical circuit 
possible considering stability, space requirements, 
and cost. 

the XR-2206C 1C 

The device is a function generator designed for 
instrumentation and communications use. It will 

*R-Ohm Corporation, Exar Integrated Systems, P.O. Box 4455, Irvine. Cali¬ 
fornia 92664. 


operate from a single supply range of 10-26 volts, or 
a split supply of ± 5 to ±13 volts. Its stability is 
excellent; drift rate is 20 ppm/°C. It produces very- 
low-distortion sine, square, triangular, ramp, or pulse 
waveforms. And it's ready made for FSK operation 
with a built-in switch to select between two timing 
resistors for two-frequency output. In this FSK oper¬ 
ation, the output is phase-continuous during fre¬ 
quency transitions, so distortion never results during 
switching (a common source of trouble for many of 
the simpler circuits). 

AFSK generator 

Fig. 1 shows the simplicity of the AFSK generator. 
It has six trimpots (four for setting frequency and two 
for 1C controls). Supply voltage indicated is ± 12 
volts. This was the supply in use for my converter, 
and it was borrowed to operate the AFSK generator 
as well. 

Sinewave output from the XR-2206C is selected by 
connecting the 200-ohm resistor between pins 13 
and 14. (If this resistor is removed, the output 
becomes triangular.) Pin 1 is used to set overall gain 
in this circuit by trimpot R5. The dc offset of an inter¬ 
nal amplifier is set by trimpot R6 at pin 3. The 1-^F 
tantalum capacitor bypasses an internal reference 
voltage at pin 10. The value isn't critical, but a tanta¬ 
lum type is definitely needed here. 

stability considerations 

The 1C data sheet indicated that, for optimum tem¬ 
perature stability, the timing resistors should be as 
close as possible to 10k. The timing-capacitor value 
is then adjusted to yield the desired output fre¬ 
quency. 

Working through Exar's formulas, a capacitor 
value of just less than 0.05 jtF is required, so I con¬ 
nected two 0.022-jiF caps in parallel; the result 
turned out to be just right. 


By Garry A. Boldenow, K0SFU, Route 2, Box 
153, Peabody, Kansas 66866 
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fig. 1. Schematic diagram of the AFSK generator. Circuit is built around the XR-2206C. which is a function- 
generator 1C designed for instrumentation and communications use. This device has excellent frequency 
stability and low-distortion output. The circuit features optional CW IDENT circuit. Values of timing capacitors 
are critical; they must be polystyrene for maximum stability. 


The timing-capacitor combination is connected to 
pins 5 and 6. These caps must be polystyrene for 
best stability. Do not use disc or Mylar caps in this 
application. 

The timing-resistor networks connect to pins 7 and 
8, with pin 7 being the Fi frequency and pin 8 the F 2 
frequency. We'll designate Fi as mark (2125 Hz) and 
F 2 as space (2295 or 2975 Hz). Two resistors are 
selected by S2 for either 170-Hz or 850-Hz shifts. Ob¬ 
viously, if only 170 Hz shift is needed, delete the un¬ 
necessary components. 

CW IDENT 

I desired a CW IDENT feature, so I added Q3 and 
Q4. When the ID key input is pulled to ground or 
nearly so, R4 and 180-k resistor are in parallel with 
the 2125-Hz timing resistors, which shifts the output 
frequency upward 100 Hz for identification. Again, if 
this feature isn't needed, simply delete this little 
circuit. 

Frequencies Fi and F 2 (mark and space) are 
switched by the input at pin 9. If the level at pin 9 is 
greater than about 2 volts, Fi is selected; if the level 
is less than about 1 volt, F 2 is selected. 

input level translator 

Q1 and 02 act as an input level translator and 


switch for either RS-232C or mechanical keyboard in¬ 
puts. This feature allows the generator to be used by 
the computer world as well as by traditional equip¬ 
ment. SI is opened for RS-232C input signals, which 
will switch between +10 and - 10 volts. A keyboard 
should be wired as shown to +12 volts (or the A + 
level being used), and SI is closed. This action 
applies -12 volts through the 1.2 k resistor to the 
keyboard, which applies 24 volts at 20 mA across the 
keyboard contacts. A high level at the DATA INPUT 
will cause Fi to be selected; a low level (or ground) 
will cause F 2 to be output. 

construction 

Construction of the AFSK generator can be by any 
method convenient to the builder. Layout is anything 
but critical. Leave room to trim the fixed timing resis¬ 
tors from pins 7 and 8 if necessary. 

tune up 

Tuning the generator will require a frequency 
counter and oscilloscope. Frequency setting could 
be done by applying the output through a known 
accurate tone demodulator and tuning for maximum 
output levels, but a counter sets frequency precisely. 
A scope will be needed to adjust for minimum distor¬ 
tion and best waveform. 
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Spring into summer with 
these sizzling titles. 

4 * 


ELECTRONIC COMMUNICATION (4th Edition) 

by Robert L. Sbrader 

This popular volume presents, as simply as possible, the practical basic 
theory ol radio and electronics. In wide use as a college and technical 
school text. Electronic Communication is based on the latest sample ques¬ 
tions from FCC Commercial Operator License Exams and Amateur Exams, 
rearranged into a more effective teaching and learning order. The author 
also provides checkup quizzes every lew pages to greatly reinforce learn¬ 
ing. Its bold lace type and multiple diagrams make it a pleasure to read 
With carelul. independent home study, this book will enable you to pass 
any FCC Amateur. Commercial Radiotelephone or Telegraph license exam 
including the radar and broadcast endorsements. 783 pages. ©1980. 

□ MH-57138 Hardbound $19.50 


80 METER DXING 

by John Oevoldere, 0N4UN 

Going lor 5 Band DXCC or just looking lor a new DX challenge? This is 
positively the last word on working 80 meter DX. The author combines his 
many years ol 80 meter operating experience with that ol others to produce 
chapters on propagation, antenna systems, station equipment and interna¬ 
tional operating practices peculiar to 80 — all in a handy scrapbook formal. 
What are the best limes lo be on? Whal's the best antenna? You'll find 
answers lo these and many more 80 meter questions 80 pages. ©1978. 
□ HR-80M Softbound $4.50 


AMATEUR SINGLE SIDEBAND 

Originally by The Collins Radio Company 

Ham Radio in cooperation with The Collins Radio Group has reprinted what 
many consider "the bible on Amateur single sideband' This sollbound 
edition features an introduction to SSB. nature ol SSB signals, exciters. RF 
linear amplifiers. SSB recovers, tests and measurements, and what com¬ 
prises an Amateur SSB station Absolutely THE linesl publication available 
on SSB. 143 pages. ©1977. 

□HR-SSB Softbound $4.95 


PRACTICAL ANTENNAS 

From the folks ai SCELBI. PRACTICAL ANTENNAS is nol quite like any ol 
the other ham antenna bocks. Written by a knowledgeable DX'er. this new 
book Is chock-lull ol helpful hints and suggestions on the how-to's ol 
putting up a super antenna system. Chapters include information on design 
and construction ol practical Yagis. quads and wire type antennas. Inside 
you'll also find a complete bibliography ol anlenna articles from the popular 
amateur publications. Chads and tables are designed to eliminate all those 
tricky calculations And. SCELBI has included a list of computer generated 
beam headings from major population centers to all the countries ol the 
world A new formal, large easy-lo-read text and durable vinyl cover make 
PRACTICAL ANTENNAS a "must" for every amateur library. ©1979 
□ SC-PA 


HAM RADIO’S BOOKSTORE 
GREENVILLE, NH 03048 
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Begin tuning by opening SI and setting all trim- 
pots to mid range. 

1. Open the ID KEY input, if used. Apply a positive- 
level ( + 10 or +12 volts) to the DATA INPUT point, 
then apply voltage power to the circuit. There should 
be some kind of waveform at pin 2 or at the output 
side of the 0.1-/tF coupling capacitor. 

2. Initially, adjust R5 and R6 for best waveform. With 
a 12-volt supply, the output level will be around 5 
volts p-p. 

3. Next, adjust R1 throughout its range to determine 
if 2125 Hz can be set with the values as shown. If 
not, center R1 and trim the 10k fixed series resistor 
for about 2125 Hz; then readjust R1. If the 10k 
resistor value must be shifted by more than 5 per 
cent, trim the timing capacitors with other values. 
Try to keep the 2125-Hz resistors as close to 10k as 
possible. Once the mark frequency has been set, do 
not readjust R1 for any other frequency. 

4. If the CW IDENT circuit has been added, ground 
the ID KEY input. Adjust R4 for 2225 Hz, trimming the 
180k fixed resistor as required. 

5. Next, either ground the DATA INPUT point or 
apply a negative voltage level. 

6. Set S2 to the 170-Hz shift side and adjust R2 for 
2295 Hz. 

7. Trim the 10k fixed resistor with a 150k resistor to 
begin with, and trim from there. 

8. Repeat the procedure with S2 in the 850-Hz posi¬ 
tion, adjusting R3 and trimming the 6.8k resistor as 
needed. 

9. After all four frequencies have been initially ad¬ 
justed, let the generator run for an hour or so, then 
carefully reset each frequency. A drift of only ±2 Hz 
can be expected over a long-term period and over a 
wide temperature swing. 

10. Carefully look at the output waveform and adjust 
R5 and R6 for the most perfect and smooth sine 
waveform possible. Set gain trimpot R5 for just less 
than maximum perfect waveform level. 

closing remarks 

Considering the space this generator consumes in¬ 
side a typical RTTY converter cabinet, and the fact 
that its stability is better than 0.2 per cent over a wide 
temperature and time range (if 1 per cent resistor and 
2.5 per cent polystyrene capacitors are used), this 
circuit offers much in terms of simplicity and 
accuracy. 

ham radio 
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notes on the 

El MAC 5CX1500A power pentode 


Some operating tips 
on the use of this tube 
in ham gear 


Ask any experienced ham to list the tubes most 
likely to be used in a linear amplifier in the Amateur 
service, and chances are that the 5CX1500A won't 
be mentioned. 

And, small wonder. In this day of zero bias, high- 
mu triodes, the 5CX1500A doesn't really seem to be 
the ideal tube for ham use. It's expensive (about 
$500); its socket is expensive and, in this day of 
single-power-supply-tubes the 5CX1500 requires 
three power supplies plus filament voltage. 

the case for the 5CX1500A 

So, why even consider it here? For two reasons. 
First, at least one manufacturer of high-power linear 
amplifiers, Tempo, uses this tube in their Model 4K. 
The typical 4K owner may not know enough about 
his final for his own peace of mind. Second, this tube 
is rather common in the broadcast service, and some 
of these tubes, with reduced emission, have become 
available at reasonable prices at swapfests and 
such.* It is for these reasons that this article is pre¬ 
sented. 

background 

The 5CX1500A was designed by EIMAC about a 
dozen years ago at the request of an American man¬ 
ufacturer of fm transmitters for the 88-108 MHz 
broadcast band. The need was for a final amplifier or 
driver tube that would operate in the 2-3 kW power 
range, Class B or C service, with good stability and 
ruggedness, a reasonable life expectancy (about 
8000 hours in continuous commercial service [CCS] 

•Another source of these and other high-power tubes is your local fm 
broadcast or TV station. The tubes are replaced after a specified number of 
operating hours and in many cases have a lot of life in them, especially 
when used in the Amateur sen/ice. Contact your local station and talk to the 
engineer in charge. Editor. 


and high efficiency. The original 5CX1500 was the 
result. 

There are some problems, of course. The '1500A is 
a beam-power pentode, and because of its parame¬ 
ters, which were dictated by the specifications listed 
above, the tube is very difficult to construct. As a re¬ 
sult, EIMAC is still the only manufacturer of the tube 
in the world. Couple this with the fact that every 
major manufacturer of broadcast fm transmitters in 
this country uses the 5CX1500A in all their transmit¬ 
ters designed for this power level, and you can guess 
the rest. The tube is not always readily available. As 
of this writing, however, that situation has not 
existed for some months. 

early tube problems 

Several years ago the assembly line for the 
5CX1500A was moved from ElMAC's main plant in 
California to a new facility in Salt Lake City, Utah. 
Shortly thereafter, problems arose. Tube life in the 
field began to drop, particularly in rf driver service, 
but later in all fm broadcast service. Tubes began to 
lose emission to the point where they had to be re¬ 
placed after about 3000-4000 hours. EIMAC and the 
broadcast equipment manufacturers began to re¬ 
search the problems, and two differing causes began 
to emerge. There was one comon denominator: 
the filament was being "poisoned” by gas.* 

First it was discovered that the tube, especially 
when used in rf driver service (CCS), was being load¬ 
ed much too lightly. This action resulted in high rf cir¬ 
culating currents in the tube, particularly across the 
aluminum oxide insulating ring between the suppres¬ 
sor ring and the anode. As a result undue heating 
occurred, which caused minute cracking of the ring. 
These cracks are not visible to the naked eye, except 
through the use of the special dye applied to the ring. 

Second, investigators found that, on tubes made 
between mid-1975 and early 1979, the metal alloy 
used in the construction of the screen grid emitted 

sten filaments by gas is discussed in reference 1. Editor. 


By Arthur Reis, K9XI, 8510 Sunset, Wonder 
Lake, Illinois 60097 
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excessive levels of carbon-monoxide gas, which is 
lethal to your typical 5CX1500A cathode. EIMAC cor¬ 
rected that problem early in 1979, and tubes manu¬ 
factured after that date show no ill effects from that 
quarter. 

operating tips 

Now, in practical terms, what does this all mean to 
present and potential users of the 5CX1500A? Here 
are some tips on its operation that might help. 

1. Load the tube as heavily as possible, consistent 
with the ability of your power supply to deliver the 
extra current. If your plate impedance is over 6000 
ohms, it's too high! Reduce this impedance as much 
as possible by decreasing plate voltage and increas¬ 
ing current to reduce circulating rf currents in the 
tube. 

2. If your tube is beginning to go "soft," determine if 
the problem is loss of cathode emission. To do this, 
record your present current drain on all tube ele¬ 
ments that show current, and compare them to your 
observations when the tube was "fresh." If all cur¬ 
rents are down, then the problem is low cathode 
emission caused by poisoning (contamination). 
These currents must be determined with drive power 
applied. Dc values alone will tell you nothing, since at 
radio frequencies the peak current drawn by the 
cathode may be 2-3 amperes. It's the inability of the 
cathode to deliver that amount of current that causes 
the tube to be considered "soft," no matter what the 
dc values may be. 

3. Do not try to increase the cathode voltage above 
5.1 volts to increase emission. For every 1/4 volt the 
filament is increased over its specified value, expect 
your tube life to drop in half (i.e., 5-1/4 volts, 4000 
hours on an original 8000-hour tube; 5-1/2 volts, 
2000 hours, etc.). Remember, this is a "carburized" 
thoriated tungsten filament. At the present state of 
the art, if the filament opens up, it can't be rebuilt. 

4. If the tube is too "soft" to live with but seems to 
be OK otherwise (no short circuits), it can be rebuilt 
for about half the cost of a new tube. If indeed the 
cathode has been contaminated as determined in 2. 
above, you can ship it to Econco Broadcast Service, 
1302 Commerce Avenue, Woodland, California, 
95695. Unlike the process used in rebuilding other 
tube types, rebuilding the 5CX1500A doesn't usually 
require replacement of its grids. Instead, as EIMAC 
informs me, a process called "recarburization" is 
used. The tube seal is broken and a gas with a high 
carbon content, such as methane, is admitted. The 
gas-loaded tube is then fired in an oven, or its fila¬ 
ment run at 120 percent voltage for a few seconds, 
during which time a new carbon coating is deposited 


onto the cathode. The tube time is then re-evacuated 
and resealed. Generally, if the tube has no other 
problems, the renewability rate is in the 80-90 per¬ 
cent range. If your tube loses here, you pay nothing 
more than shipping charges one way. By the way, 
this rebuilding process can be done more than once, 
thereby increasing the life of the tube in your rig. 

5. If your 5CX1500A develops a short circuit, it will 
generally be from cathode to control grid. That's a 
pretty safe statement, considering the fact that the 
control grid is located a mere four mils from the cath¬ 
ode (the grid wire mesh is one mil thicker than that!). 
As the tube ages, the cathode can get brittle, and a 
strand from the filament may break away and fall 
across the grid. 

Don't dismiss the idea of burning out the short in 
this case. I've heard of this happening several times, 
and a car battery is ideal for the purpose. If the short 
does not disappear, you'll have to admit that, with a 
little polishing and a walnut base, the tube makes a 
nice looking award for "Ham of the Year" at your 
local radio club. (This is particularly true of tubes 
manufactured before 1980, which are silver plated. 
EIMAC has changed the outer plating of the tube to 
nickel for cost reasons. There is no noticeable electri¬ 
cal effect on the tube.) 

summary 

The 5CX1500A tube may not be the best of all pos¬ 
sible worlds for linear amplification in the Amateur 
sen/ice. However, for those who want a stable, very 
conservative amplifier for up to, say, 225 MHz, or for 
those who already are using this tube in such an am¬ 
plifier, I hope this article has shed some new light on 
a tube that few Amateurs seem to know much about. 
The interested reader is referred, for further informa¬ 
tion, to "The Care and Feeding of Power Grid 
Tubes," by EIMAC. Data sheets for the 5CX1500A 
are also available from EIMAC.* 
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I base-loaded 

vertical antenna 

for 160 meters 


No room for a 
160-meter beam? 

Try this 
vertical antenna 
which can be 
easily made from 
readily available materials 

Much has been written and discussed on the best 
antenna for 160 meters. The most popular solution 
seems to be to tie the ends of an 80-meter antenna 
together and feed the system on 160 meters with an 
antenna matching network. Some Amateurs string 
up an inverted L antenna. Both work fine for local 
contacts, but if you really want to work across the 
country, the vertical antenna is best. 

the case for a 
vertical antenna 

Several 160-meter enthusiasts use phased vertical 
antennas. Their signals are outstanding all year 
around compared with signals from other antennas. 
For those who don't have room for a beam, the top- 
loaded vertical is the next best. The loading coil 
should be wound with no. 10 AWG (2.6 mm) wire. It 
requires a long coil and an extended tube for adjust¬ 
ments. I tried such an antenna, but the assembly 
swayed back and forth like a pendulum, and the 
nylon guys would not remain tight enough to hold it. 
After the coil broke off, I experimented with a base- 
loaded vertical. 


base-loaded vertical 

I was surprised that my signals seemed to be 
equally good, but not before some testing of the wire 
size used on the base coil. My vertical uses a 32-foot 
(9.8-meter) length of aluminum irrigation tubing, 
which is 2 inches (50 mm) in diameter. (It cost 
$20.00.) The tube was set on a beer bottle for an 
insulator and guyed with nylon rope. This assembly 
was backed up by burying a 6-foot (1.8-meter) length 
of 4 x 4 lumber into the ground and using insulators 
and wood blocks to secure the tube to it (fig. 1). 

To resonate the tube to 160 meters, a series capac¬ 
itor and coil were first tried. However, I was told it 
would be better to just use the coil. First tried was a 
wire coil, but later a coil made from 3/16-inch (5-mm) 
diameter copper tubing was substituted, and the sig¬ 
nal increased by 1 dB. 

coil construction 

The inductance was wound with 3/16-inch (5-mm) 
diameter copper tubing which cost $9.75 for a 50- 
foot (15.25-meter) coil. I used a 4-inch (102-mm) 
diameter pipe as a mandrel and wound a coil of forty 
turns. 

Next three pieces of plastic were cut 1 inch (25.4 
mm) wide and 1/4 inch (6.5 mm) thick for the length 
of the coil. Holes were drilled in these strips with a 
drill just over 3/16 inch (5 mm), so that the copper 
would slide through it easily. The first hole was 1/4 
inch (6.5 mm) from the end. 

The holes were cut with a drill sharpened like a 
sheet metal drill so that it did not shatter as it came 
through the plastic. A small hole could have been 
drilled, then a large drill put through half way on each 
side. That takes patience. Once the pieces are snaked 
onto the coil and spaced, they are treated with coil 
dope. The coil was rugged enough to be mounted on 
insulators and put into a wooden dog house at the 
base of the antenna. 


By Ed Marriner, W6XM, 528 Colima Street, La 
Jolla, California 92037 
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for 160 meters. Antenna performs as well as a top-loaded af¬ 
fair and Is much more stable and easier to construct. Use as 
many radials as possible in the ground system. 

tune up 

Antenna tuning was accomplished by leaving the 
feeder off and grid dipping the coil with it all in place. 
The coil was then tapped for resonance at 1820 kHz. 
Wide copper straps can be formed around the 3/16- 
inch (5-mrn) copper and soldered once the proper 
place is found. The next step is to vary the tap for the 
50-ohm feeder from the bottom of the coil for mini¬ 
mum SWR. Mine came out at the fourth turn up from 
the bottom. (This will depend on your ground sys¬ 
tem.) I used an 8-foot (2-meter) rod driven into the 
ground at the antenna base and four or five radials of 
various lengths pushed into the grass. None are over 
30 feet (9 meters) long, but make them as long as 
you can and use as many as possible. The more the 
better on 160 meters.* 

performance 

We have a daytime 160-meter net here in Califor¬ 
nia, and records are kept of signal strengths up and 
down the coast. At 11 AM Sunday mornings Santa 
Barbara checks in with signal reports. I can say this 
antenna receives and sends equally as well as my old 
top-loaded affair. I've worked the East Coast with it 
and am pleased to report that it is more stable and 
easier to construct. All in all, it seems like the best 
answer to many 160-meter antenna problems — if 
you can't have a phased array. 

•Or on any frequency. Editor. 
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Emergency 48 hour service 


Visa or MasterCharge orders welcome! 
Call or write Cal Crystal NOW! 



CAL CRYSTAL 

California Crystal Lab., Inc. 
1142 North Gilbert Street 
Anaheim, California 92801 
(714)991-1580 


WANTED FOR CASH 




4CX150 

4CX250 

4CX300A 

4CX350A 


4CX1000 

4CX1500 

4CX3000 

4CX5000 



4CX10.000 4-65 4-250 4-1000 

5CX1500 4-125A 4-400 304TL 


Other tubes and Klystrons also wanted. 


Highest pricepaidforthese units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRC106, ARC105, ARC112, ARC114, 
ARC115, ARC116, and some aircraft units also 
required. 

DCO, INC. 

10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 

800 - 526 -1270 Evenings (201) 998 6475 


More Details? CHECK-OFF Page 94 
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digital capacitance meter 


Easy to build 
digital capacitance meter 
for the home shop 
features ranges from 
1000 pF to 100 fiF 


Amateurs who build or service electronic equip¬ 
ment sooner or later encounter the situation where 
replacing a capacitor with a “larger" one produces 
the wrong results: power supply ripple worsens or 
the time constant of a timing circuit decreases when 
it should increase. Highpass or lowpass audio might 
have their actual 3-dB rolloff points at 200 Hz instead 
of the intended 300-Hz point. Such differences often 
occur because the actual value of the capacitor used 
is different from its marked value. The best per¬ 
formance of narrow bandpass filters and notch filters 
is obtained when matched capacitors of exactly the 
same value are used. There are many good "100-for- 
a-dollar" capacitor buys available, but they often 
included unmarked or house-numbered units. Those 
25-cent, 68-^F capacitors I bought at a hamfest were 
actually 6.8 n? — the reason, no doubt, they were 
only 25 cents! 


Capacitors are among the most common compo¬ 
nents used in electronics. Most users assume that 
the value marked on the capacitor is its actual value; 
specifications simply guarantee a minimum value. 
Most electrolytics, for example, are specified to be 
within +80 to -20 per cent of their indicated value. 
There are a few that are within ± 10 per cent of their 
marked value; some small capacitors are available 
with 1 per cent and 5 per cent tolerances. The true 
value of a capacitor is not important in some cases, 
such as audio bypass applications, while in other 
applications the capacitance must be accurately 
known to produce the desired results. 

The digital-capacitor meter presented in this article 
was built to preclude the type of problems described 
above. It measures capacitors from 0.001 to 999 
nF in six ranges, with accuracy of about 1 per cent. 
The three-digit display has the decimal point correct¬ 
ly positioned as the ranges are switched. The circuit 
uses low-cost components which are readily avail¬ 
able. It requires no difficult adjustments for reliable 
operation and is easy to duplicate with the printed 
circuit board layout shown. The meter requires about 
100 mA from a 5-volt regulated source, so it lends 
itself to battery operation if desired. The circuit 
includes a flashing overflow indicator. 

circuit description 

The circuit is based upon a digital counter that 
counts a reference oscillator. The input to the 
counter is gated by the C x monostable which has its 
period determined by the capacitor to be measured. 


By Marion D. Kitchens, K4GOK, 7100 
Mercury Avenue, Haymarket, Virginia 22069 
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fig. 1. Functional block diagram of the digital capacitance 
meter. The meter is based upon the 14S63 counter. The other 
ICs provide the necessary gating for the oscillators and 
display functions. 


The functional block diagram is shown in fig. 1. 
About twice a second, the sample rate oscillator trig¬ 
gers the C x monostable circuit. This monostable out¬ 
put is inverted and applied to the counter control 
gate. The duration of this control gate input is direct¬ 
ly dependent upon the value of the capacitor being 
measured. If the reference oscillator input to the 
14533 1C counter is at the proper frequency, the 
resulting display will indicate the value of the capaci¬ 
tor. One half of a 556 dual timer serves as the sample 
rate oscillator, while another 556 dual timer is used as 
the C x monostable and reference oscillator. 

The 14553 counter chip contains all the circuitry to 
count and multiplex three digits. It has built-in latch 
and reset functions and an input control gate. The 
counter chip's BCD output is applied to a single 
seven-segment decoder which drives the multiplexed 
LED displays. The required latch and reset functions 
are provided by another 556 dual timer with each of 
its sections operating in the monostable mode. The 
latch signal is applied to the 14553 at the end of the 
input gate enable period to store and display the 
accumulated count. Immediately thereafter the reset 
signal is applied. The 14553 holds the outputs for the 
displays, even though the internal counters have 
been reset, until the latch signal is again low. The 
latch signal goes low only after the capacitor value 
has been measured agcin. This produces a constant 
or steady display thru does not flicker or count up to 
the final value. 

The circuit timing diagram is shown in fig. 2. The 
overflow signal from the 14553 is applied to one half 
of a 556 dual timer to provide an overflow indication. 
The timer is run as a monostable to produce a 
flashing LED overflow indicator. Fig. 1 shows wave 
forms at significant locations and indicates the direc¬ 
tion of information flow in the circuit. The complete 
schematic diagram is shown in fig. 3. 


Construction is uncomplicated when using the 
printed circuit board. Fig. 4 shows the location of 
components on the board, while fig. 5 shows the cir¬ 
cuit board foil pattern. Careful examination of fig. 4 
will reveal the location of the numbered and lettered 
points to be wired to the display and the range 
switch. These points are shown on the schematic for 
easy reference. Switch wiring is shown in fig. 6. 
Points X, Y, and Z are not used. 

The circuit uses a common-anode multiplexed 
display. The seven 82-ohm resistors near the 7446 
decoder are the recommended value for displays that 
require around 10 mA per segment. The suggested 
value for displays rated at 5 mA per segment is 150 
ohms. These values can be varied to achieve the 
desired display brightness. One unit was built with¬ 
out the seven current limiting resistors (to achieve 
the maximum brightness) and has worked without 
any LED burnout problems. 

None of the circuit component values are critical, 
but best performance can be obtained with a good 
quality capacitor, preferably plastic, for the reference 
oscillator. This particular capacitor is the 0.001-/tF 
capacitor located near the 100k pot and connected to 
pins 2 and 6 of U2. Q1 is used to boost the current¬ 
handling capability of the C x monostable (U2) and 
should have low capacitance and a power rating of 
% to 1 watt. A 2N3906 will work with good results. 
Transistors Q1, Q4, Q5, and Q6 are PNP transistors, 
while 02, Q3, and Q7 are NPN transistors; 2N3906s 
and 2N3904s can be used, respectively. Q4, Q5, and 
Q6 should be installed so that their emitters go to the 
5-volt land, bases go to the 1 kilohm resistors, and 
their collectors to the anodes of the display. The 
overflow LED is connected with its anode to point F 
on the circuit board and the cathode to ground. 

A well-regulated, 5-volt power supply capable of 
100 to 150 mA is required. Fig. 7 shows a schematic 
for a suitable supply. Point-to-point wiring on a insu¬ 
lated board is an easy way to build the supply. 

Care should be taken to keep the wiring between 
Q1, the range switch, and the C x input jacks as short 
as possible and away from the 60-Hz ac line. 
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fig. 2. Timing diagram of signals in the capacitance meter. 
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checkout and calibration 

The circuit board should be completed and all wir¬ 
ing connected to the display, overflow indicator, and 
range switch before starting checkout. Make sure 
that the power supply is delivering 5 volts and is 
properly connected to the circuit board. At power 
turn on, the display should light and the overflow 
indicator should flash once. The display should show 
000 or 001 with no connection at the C x input. With a 
short across the C x input, the display should show a 
number, say 433, and the overflow indicator will flash 


continuously. This number should not change when 
the range switch is moved to other positions. The 
display should show a number of 000 to 002 with the 
range switch in position 1 (see fig. 6) and no connec¬ 
tion at the C x input. An unsteady count ranging from 
000 to about 060 indicates that the meter is picking 
up stray 60 Hz. If this happens, try redressing or re¬ 
routing the wiring between the circuit board, range 
switch, and C x input jacks. K4ZKU found that revers¬ 
ing the ac line cord at the wall outlet would help with 
such a situation. A simple test of U5, the display, and 
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fig. 4. Parts placement diagram for the printed circuit board. 


the wiring between can be made by temporarily 
grounding pin 3 of U5; the display should show 888. 

The unit must be calibrated before use. Capacitors 
of known value are required. Surplus computer and 
audio boards are a good source for precision capaci¬ 
tors. I found 1 per cent capacitors from 0.001 to 2.5 
fiF at local hamfests. The meter should be allowed to 
warm up for about 20 minutes before calibration. If 
precision measurements in the 10s and 100s of 
microfarads ranges are not required, the 2000- and 
200-ohm pots at positions 5 and 6 of the range switch 
can be replaced with 1000- and 100-ohm fixed resis¬ 
tors. To calibrate the meter, connect a 0.1- to 0.3-/iF 



fig. 5. Foil layout pattern for the digital capacitance meter. 


capacitor of known value, and with the range switch 
in position 3, adjust the 100-kilohm reference oscil¬ 
lator pot on the circuit board so that the display indi¬ 
cates the correct capacitor value. This calibrates the 
lOOk-pF range (switch position 3) as well as the 10k- 
pF (position 2) and 1-/tF (position 4) ranges. The 1k- 
pF is range calibrated by the 1-megohm pot at switch 
position 1; the 10-/tF and 100-jtF ranges are calibrated 
by the 2000- and 200-ohm pots at positions 5 and 6. 

using the meter 

Operation of the meter is simple. Observing proper 
polarity, connect the capacitor to be measured, 
select the largest range that does not cause an over¬ 
flow, and read the capacitor value shown on the dis¬ 
play. Table 1 shows examples of how the display 
indicates various capacitor values for each of the 
range switch positions. The first three ranges meas¬ 
ure in thousands of pF and the last three ranges 
measure in jtF. The decimal point is properly posi¬ 
tioned. Note that if a 22-^F capacitor is being meas- 



capacitance meter. The points specified are connected to 
the appropriate location on the circuit board (see fig. 4). 

ured the range switch should be in position 5 and the 
display will show 22.0. A 0.047-jtF capacitor is 47k- 
pF, and it will be measured with the range switch in 
position 2. The display will show 47.0. Labeling the 
first three positions of the range switch as kpF (or nF 
for nanoFarads if preferred), and the last three posi¬ 
tions as /iF will make the meter very easy to read. 

An open capacitor will cause a 000 to 001 to be dis¬ 
played. A shorted capacitor will cause the overflow 
indicator to flash and the display to indicate a fixed 
number that is independent of the range switch 
position. 

Lead lengths should be kept short when measuring 
small value capacitors. The photographs show a 
plug-in device made from banana plugs, a small 
piece of copper clad board, and sheet brass. 

conclusion 

The digital capacitor meter has been a fun project 
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to build and it has been a time- (and agony- ) saver 
around the ham shack. I hope that others who enjoy 
building and experimenting will find it to be the 
same. I will offer film negatives (or positives) so that 
builders can make their own circuit boards. Corre¬ 
spondence regarding the meter will be answered if an 
SASEis included. 



showing display and associated capacitance value. In 
switch position 1, a display of 1.50 indicates a capacitance 
of 0.015 nF (1500 pF), a reading of 2.20 indicates a capaci¬ 
tance of 0.002 „F (2200 pF). etc. 

position display capacitance range 

1 1.00 0.001 1000 pF (1 nF) 

2 10.00 0.010 10kpF(10nFI 

3 100.00 0.100 100k pF (100 nF) 

4 1.00 1.000 1 pF 

5 10.00 10.000 lOpF 

6 100.00 100.000 100/tF 
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Single-filter type: $ 1 2 Airmail postpaid 
Dual-filter type: $21 Airmail postpaid 
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New Improved Adhesive 
Mount for the 2 Meter 
Avanti Mobile Antenna. 

Mounts on glass —I T lii glass /y 
no holes! i 

• Receives and transmits <NQU 

through glass. adjustment x. 

• Superior performance ® / 

equivalent to 5/8 wave. -Sv / 

• Superior radiation full °//capacity v/ 

Omni-Directional. c °8ox' Ne 

It's easy to install — No holes to drill, no ’ 
magnet to scratch the paint, no clamps. 

Uses an especially developed silicone 
adhesive that secures antenna to window. 

The capacity coupling box is simply attached 
with a special adhesive tape to inside of 
window. Worried about crimping or 
corroding coaxial cables? It's all inside and 
out of sight. 

Models also available i 

for 220 MHz and 450 MHz. ! 


|^w^^^antennas_J y* Jgj M 

Avanti Research and Development, Inc. 

340 Stewart Ave., Addison, IL 60101 (312) 628-9350 
In Canada: Lenbrook Ind., Scarborough, Ontario MIH IH5 
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a fresh look at 
linear tuning 

Most Amateurs expect the benefits 
of a linear-spaced tuning dial when 
they purchase new equipment. The 
expression "linear tuning" refers to 
the ability to rotate the tuning dial or 
knob, knowing that a certain number 
of kilohertz will be traversed with 
each turn of the knob, say 25 or 50 
kilohertz. Amateurs expect to find 
this feature in professionally designed 
equipment, but rarely is it found in 
home-built Amateur gear. Why does 
this situation exist, and what can the 
Amateur who perfers to build his own 
do about it? Let's take a look at how 
commercial manufacturers handle 
the problem. 




fig, 1. Characteristics of SLC, SLW, and 
SLF variable capacitors showing capaci¬ 
tance as a function of angle of rotation 
in typical cases, together with approxi¬ 
mate plate shapes. (From Radio Engi¬ 
neers' Handbook by F.E. Terman, 
McGraw-Hill, Inc., 1943.1 


Frequency change requires that we 
square the product of inductance, L, 
and capacitance, C, to effect a 2:1 
frequency change. For example, the 
product of LC is approximately 520 
for 40 meters. The product of LC 
amounts to about 2080 at 3.5 MHz. 
Since it would be mechanically un¬ 
wieldy to alter both inductance and 
capacitance, the accepted method is 
to vary either the capacitance or in¬ 
ductance in a typical circuit. (The 
foregoing remarks apply to high-fre¬ 
quency circuitry in this discussion.) 

Most manufacturers handle this sit¬ 
uation by limiting the excursion of 
their oscillator circuit to, say, 500 kHz 
and by using a VFO coil with windings 
spaced nonlinearly. A tuning slug 
moves into the coil form and causes 
an inductance change. Collins refers 
to this method as "permeability tun¬ 
ing." It's a good system; unfortu¬ 
nately it's not suitable for easy dupli¬ 
cation by the home builder. Another 
method would be to use capacitor 
plates with special shaping. This also 
poses a problem for the home builder. 

variable-capacitor 
plate shapes 

Fortunately there's a way of "mak¬ 
ing it" without having a large ma¬ 
chine shop at your disposal. The solu¬ 
tion to the problem came to me while 
watching my wife making some de¬ 
signs on a quilt with a mix-and- 
match pattern. 

A look at most transmitting capaci¬ 
tors shows that they use half-round 
plates in the rotor section, whereas 
most capacitors for broadcast recep¬ 
tion use different shapes. The first 
shape is called straight-line capaci¬ 
tance (SLC), while the second is 


called midline, or straight-line fre¬ 
quency (SLF). See fig. 1. In short, a 
variable capacitor with the proper ar¬ 
rangement of SLC and SLF plates 

o e 



fig. 2. Comparison of rotor plates in the 
popular "Command" transmitter. A 
shows approximate shape of an SLC 
plate; B an SLF plate. 

should satisfy the need for truly linear 
tuning.* 

modifying transmitting 
variable capacitors 

Some variable capacitors, which 
use aluminum plates spaced with 
washers or metal spacers, can be 
modified easily in the rotor section to 
accomplish this objective. In my 
case, I removed half-round plates 
from the middle capacitor in a Com¬ 
mand transmitter and re-installed 
them on the rotor shaft of the master 
oscillator tuning capacitor, which had 
been altered by lifting out several of 
the SLF rotor plates. 

With the correct amount of fixed L 
and C, linear tuning will result. If 
you're willing to settle for a limited 
frequency excursion, exceptionally 
high accuracy can be achieved. The 


“Still another shape for variable-capacitor plates is 
called straight-line wavelength (slw) in which the 
plates are shaped so that, when used to tune an in¬ 
ductance to resonance, the wavelength at resonance 
is a linear function of the angle of rotation. Practical 
capacitors use intermediate characteristics or a com¬ 
bination of these basic types (see fig. 2). Editor. 
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calibration chart (table 1) shows this 
to the last hertz. Note that this is not 
a one-of-a-kind experiment. Equally 
satisfying results have been accom¬ 
plished in a half-dozen instances. 
There's no reason why this technique 
can't be applied to other ranges, such 
as the popular 5.0-5.5 MHz range 
used in many VFOs. 

My original intentions were satis¬ 
fied, as shown by a 3.5-3.6-MHz 
curve. However, high-accuracy linear 
readout continued throughout at 
least a 200-kHz span between 
3.45-3.65 MHz. All of the above was 
achieved without trimming or bend¬ 
ing of the master-oscillator variable 
capacitor plates; thus it's fair to say 
that similar results could be obtained 
by any careful experimenter or 
builder. 

Neil Johnson, W20LU 


solid-state 
amplifier switching 

Forget about carrier-operated relay 
(COR) circuits and other mechanical 
antenna and power switching ar¬ 
rangements by going solid-state. This 
diode-switching circuit provides 
maintenance-free, reliable switching 


without fuss or bother. Best of all, it's 
simple. 

Simply use two quarter-wave¬ 
length sections of RG-174/U coax 
and appropriate diodes (fig. 1). The 
1N4148 diodes are adequate for mod¬ 
erate power levels commonly used on 
2-meter f-m. 

David D. Holtz, WB2HTH 



fig. 1. Solid-state switch for 2-meter f-m. Circuit was adapted from an arti¬ 
cle appearing in the April. 1973, issue of ham radio. 


de-icing the quad 

Probably more quad antennas have 
come to grief because of ice than 
from all other reasons combined. At 
least that seems to have been my ex¬ 
perience. It seems that something 
may be lacking in our planning. A 
simple means of de-icing the quad 
should be a real boon to those who 
usually have a couple such examples 
of nature's contempt for us each 
winter. 

The quad driven element is usually 
fed at bottom center through coaxial 
line. If, for the driven element, we use 
a wire having a higher resistance at 
dc than at rf, such as galvanized elec¬ 
tric fence wire or smaller size copper- 
weld, 60-Hz power, fed through the 
coaxial line should provide enough 
heat to prevent the formation of ice, 
or if it has already formed, to melt it. 
After all, ice usually forms at temper¬ 
atures quite close to freezing, and 
this idea wouldn't require a tempera¬ 
ture increase of more than a few de¬ 
grees to thwart Jack Frost. 

The average quad has at least two 
elements, and it wouldn't do to leave 
the parasitic elements out in the cold. 
By going to the top of the quad, op¬ 
posite the feed point, one finds a volt¬ 


age node. A capacitor of suitable 
power-handling capability may be in¬ 
serted here without affecting array 
performance. A value of 0.01 or 0.02 
/iF should be enough capacitance. 
The same thing can be done with the 
reflector (and the director if you have 
more than two elements). A pair of 
wires that connect all the elements in 
series for dc, running parallel to the 
boom, should permit you to apply 



enough current through the coaxial 
line to keep the ice away. An ordinary 
filament transformer should supply 
enough power for most applications. 

The diamond configuration might 
be preferable for this application, as 
more support would be provided for 
the capacitors and connecting wires; 
the square configuration makes a 
clearer illustration (fig. 1). 

Henry S. Keen,W5TRS 



fig. 1. Power applied to a quad from an ordinary filament 
transformer will generate enough heat to prevent ice 
formation, or if already formed, to melt it. The capaci¬ 
tors are inserted at the voltage nodes of the elements, 
and don't affect array performance. 
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products 


smaller thumbwheel 
switch 

A new line of subminiature, digital 
thumbwheel switches is now avail¬ 
able from Unimax Switch Corpora¬ 
tion, a subsidiary of the Unimax 
Group, Inc. Designated as "Series 
S2D," a single, rear-mounted switch 
(with up to sixteen positions) will re¬ 
quire a panel cutout only 0.748 inch 
(19 mm) high by 0.670 inch (17 mm) 
wide! This size reduction for this type 
of switch will greatly simplify the job 
of laying out crowded control panels 
of modern electronic equipment. 

In addition to their small size, the 
new switches offer all the "tradition¬ 
al" benefits found in Unimax stan¬ 
dard digital thumbwheel switches. 
These include the unique degree of 
freedom in mounting — any Series 
S2D switch can be mounted either 
from the front or the rear of the panel 
simply by using different sets of end 
plates (in both instances, end plates 
fit either the left or right side, which 
translates into smaller inventories and 
simplified assembly). 


ety of switching assemblies can be 
made by simply snapping together 
standard switch bodies, dividers, 
blank bodies, and end plates. Other 
Series S2D features include a high 
degree of reliability due to the fact 
that each switch consists of only five 
components, and has a life of 
1,000,000 operations. 

The new Series offers as standard 
the nine most widely used output 
codes; other codes can be supplied 
on request. Standard output codes 
include Single-Pole Decimal, 10-Posi¬ 
tion; 10-Position BCD, Complement 
only; 10-Position BCD only; 10-Posi¬ 
tion BCD with Complements; Single- 
Pole, 16-Position, Binary; and Single 
Pole, Repeating. For more informa¬ 
tion contact Unimax Switch Corpora¬ 
tion, Ives Road, Wallingford, Con¬ 
necticut 06492. 

CompuClock 

CompuClock from Comtronics, 
Inc., is a free-standing, non-inter- 
ruptible digital clock, delivering time 
and date on software command. 
Time is also visually displayed, and 
the date appears with the push of a 
button. 




Like standard Unimax digital thumb¬ 
wheel switches, the new Series S2D 
units offer Unimax's "No-Hardware" 
feature — meaning that a wide vari¬ 


Time and date are delivered on 
software command to an RS232C 
computer port as a serial string of 21 
ASCII characters. For example: 

03:17:16 PM [SP], 01-31-80 [CR1 
ILF] 

where [SP], [CR] and [LF| refer to 
the ASCII codes for space, carriage 
return and line feed. This output can 
be supplied to any format desired. 

CompuClock has a backup power 
supply and maintains the time and 
date precisely in the event of power 
failure. The visual display goes out to 
save the battery, but time can be 


maintained for up to two weeks until 
power is restored. 

For more information write Com¬ 
tronics, Inc., 105 N.W. 43rd Street, 
Boca Raton, Florida 33431, or phone 
Chuck Staples at (305) 392-8700. 


Keithley hand-held 
DMM 

Keithley Instruments announces its 
first hand-held digital multimeter 
(DMM). The 3 % digit Model 130, with 
a large LCD display is intended to be a 
technician's tool. Priced at only $99, 
it is a basic instrument, designed to 
meet the needs of the field service 
technician. It is easy to use, straight¬ 
forward, and rugged. 



Keithley has gained considerable 
market share with the complete line 
of bench digital multimeters that it 
has brought out in the past two 
years. The addition of the Model 130 
rounds out that line. 

A survey conducted by Keithley 
found that most service technicians 
prefer rotary switches and liquid- 
crystal displays (LCD). They also want 
a hand-held model that is convenient 
in a bench situation, so the display is 
the same size, 0.6 inch, as the dis¬ 
plays on Keithley's bench instru¬ 
ments. 

In addition, the simplicity of con¬ 
struction makes the Model 130 the 
most rugged hand-held DMM on the 
market. For more information write 
Keithley Instruments, Inc., 28775 
Aurora Road, Cleveland, Ohio 44139. 
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mini-mount antennas 

A complete line of eight low- 
priced miniature antennas, featuring 
the new Mini-Mag Mount and Mini- 
Mount, are now available from An¬ 
tenna Incorporated. 

Designed to fill the need for low- 
cost business communications an¬ 
tennas, six of the miniature antennas 
cover the 5-dB-gain uhf band and 
two cover the 1/4-wavelength 136- 
512 MHz band. The 136-512 MHz 
Model 42013 1/4-wave Mini-Mag 
magnet-mount antenna is priced at 
$21.25. The mount has a 2-inch di¬ 
ameter magnet and stands 1-1/4 
inches high with the whip adapter; 
overall length with 136-MHz antenna 
whip is 20 inches. The electrically 
equivalent Model 42008 Mini-Mount 
is priced at $11.81. The Mini-Mount 
is adaptable for installation in either a 
3/4-inch or 3/8-inch hole (although 
the installer must have access to the 


O 



underside of the roof in order to use 
the 3/8 inch mount). It also stands 
1-1/4 inches with whip adapter and 
20 inches with 136 MHz antenna 
whip. 

The 3/8-1/4 inch Mini-Mount is 
also available on 450 MHz skirt an¬ 
tennas at a price of $30.00 in these 
frequency ranges: 406-420 MHz 
(Model 43128); 420-435 MHz (Model 
43228); 435-450 MHz (Model 43328); 
450-470 MHz (Model 43428); 470-490 
MHz (Model 43528); 490-512 MHz 
(Model 43628). 

The 3/8-3/4 inch Mini-Mounts 
come with 17 feet of RG-58/U coax¬ 
ial cable and PL-259 in-line connec¬ 
tors, as does the 42013 Mini Magnet 
Mount. 

For more information on the new 
miniature line, and other Antenna 
Incorporated antennas, write Randall 
J. Friedberg, Antenna Incorporated, 
26301 Richmond Road, Cleveland, 
Ohio 44146, or phone (216) 464-7075. 


? 
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Kantronics Announces i 

Cold Label j 
Series Tapes 

□ Choosing and using the Best 
Antenna 

Find out now a better antenna adds power and 
versatility to your station. C-60 $6,95 

n ins and Outs of Running Your 
Own Ham Station 

Learn tne tricks of operating a station tnat make 
ham radio more fun. Set of 2 C-60 Tapes S11.95 

□ Sounds of Shortwave 

Hear examples ana explanations of many 
antennas and receivers. C-60'$6.95 

□ Understanding the Mysterious 
Ionosphere 

Learn more aPout the ionized layers and im¬ 
prove your contacts. C-60 S6.95 

□ General Class 0 and A Tape 

Review theory ana regulations covered on the 
General- or Technician-Class exam. C-60 56.95 

□ The New Extra-Class Study 
Cassette 

The basics to understand before taking the new 
Extra-Class exam. C-60 $6.95 

Please add $1.00 shipping for one tape and 
$2.00 shipping for 2 or more tapes. 

Ml Kantronics 

(913) 842-7745 


1202 E. 23rd Street 
Lawrence. Kansas 66040 



• Spinner Handle Available 


Case: 2x4"; shaft %"x3" 



Whether you’re Interested In Ama¬ 
teur Radio, Electronics, Radio 
Astronomy, Old-Time Radio, VHF, 
SSB or just novels that Involve Ama¬ 
teur Radio — you'll find a large 
selection of these books and more! 
Vast Inventory of over 200 titles. 
Send your name and address to: 

HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 

We ll send you our most currenl book (Iyer and 
add your name lo our bookslore list. 



products 


Heath 1C timers self- 
instruction program 

Heath Continuing Education, a 
division of Heath Company, Benton 
Harbor, Michigan, announces a new 
self-instruction program which 
covers integrated-circuit timers. The 
new program, Model EE-103, in¬ 
cludes an introduction to the com¬ 
mon types of 1C timers, how each 
works, what they do, and where they 
are used. 

Among the types of 1C timers cov¬ 
ered are the popular 555 and 556 
series general-purpose timers; the 
322 and 3905 wide-range, precision, 
monostable timers, and program¬ 
mable timer/counters — including 
the 2240 binary programmable timer/ 
counter; the 2250 BCD programmable 
timer/counter; and the 8260 sec¬ 
onds/minutes/hours BCD program¬ 
mable timer/counter. 



The program's self-teaching text, 
with the assistance of review quiz 
questions and lab experiments, com¬ 
pletely covers how each timer works 
and how each is used — in logic func¬ 
tions, output drive circuits, time- 
delay relay circuits, wide-range pulse 


generators, phase-locked loops, uni¬ 
versal appliance timers, as precise 
clock sources, and many others. 

All of the electronic components 
required to perform the experiments 
are included with the program. The 
Heathkit ET-3300 Laboratory Bread¬ 
board is a recommended option. 

The EE-103 1C Timers course is one 
of four Electronic Technology Series 
self-instructional programs. They are 
designed to provide detailed knowl¬ 
edge for engineers, technicians, and 
other technical people. Other pro¬ 
grams in the series include Operation¬ 
al Amplifiers (EE-101, $39.95), Active 
Filters (EE-102, $29.95), and Phase- 
Locked Loops (EE-104, $49.95). 

For more information on the 
EE-103 1C Timers Self-Instruction 
Program — priced at $39.95 mail¬ 
order FOB Benton Harbor, Michigan 
— send for a free catalog containing 
more than four hundred other useful 
electronic kits. Write Heath Com¬ 
pany, Dept. 350-230, Benton Harbor, 
Michigan 49022, or pick up a copy at 
the nearest Heathkit Electronic Cen¬ 
ter (units of Veritechnology Products 
Corporation). 

Heath Company is a subsidiary of 
Zenith Radio Corporation. 

hand-held 
digital multimeter 

The new Fluke Model 8024A, 
"The Investigator," 3%-digit digital 
multimeter detects logic states, finds 
loose connections, shorts, hot spots, 
and peaks (and holds them). Conve¬ 
nient visual and audio indications 
have also been added. 

The 8024A provides all of the 
ranges, functions, and features of its 
highly successful predecessor, the 
Fluke 8020A, plus the ability to de¬ 
tect logic state changes from +0.8 
volts ("0") to +2.5 volts ("1") at 
pulse rates (TTL) up to 20 kHz. An 
audio indication and arrows on the 
LCD display indicate "up" and 
"down", "1" or "0". 

A peak and hold feature allows the 
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Antenna Baiuns 


user to concentrate on taking a read¬ 
ing when working on a sensitive or 
hazardous circuit then view the read¬ 
ing on the LCD display. This feature 
is provided for ac/dc volts and ac/dc 
current and provides a short term 
memory, also useful in capturing the 
peak value of a transient signal such 
as motor starting currents. It also 
provides the capability of detecting 
intermittent open circuits in connec¬ 
tions or cables, sounding an audible 
signal as well as providing the visual 
display. 

The 8024A will also read directly in 
Celsius degrees the output of any 
type "K" thermocouple, over a 
range of -20 C to 1265 C. This fea¬ 
ture will be important to anyone ser¬ 
vicing process control and air con¬ 
ditioning systems, detecting heat 
rise in electrical motors, and system 
or circuit components. Whenever it 
becomes necessary to measure tem¬ 
perature in operating systems or 
hardware, the 8024A provides an 
early and economical solution to 
these types of problems. 

For additional information, write 
Frank Partin, at John Ruke Mfg. 
Co., P.O. Box 43210, Mountlake 
Terrace, Washington 98043, or 
phone (206) 774-2322. 




1 Kw CW, 3 Kw PEP input. 

For dipoles, inverted Vees, 
beams, quads. 

Dependable. Takes 
temporary overloads in 
stride. 

Specify 1:1 or 4:1 ratio. 

Model IK $32.50 


2 Kw CW, 6 Kw PEP input. 
Far more rugged than any 
other balun made for 
amateur use. 

Specify 1:1 or 4:1 ratio. 

Model 2K $42.50 


2 Kw CW, 6 Kw PEP input. 
Our heavy duty balun with 
mounting bracket for 2 " 
mast or boom. 

Specify 1:1 or 4:1 ratio. 

Beam Balun $47.50 


Only Palomar Baiuns Have All These Features 

• RF toroidal core for highest efficiency. 

• Teflon insulated wire. 

• Stainless steel hardware. Won’t rust. 

• Epoxy filled case. Waterproof. 

• Wideband 1.7 to 30 MHz. 

• White case to reflect the sun. 

• Lightning protection built in. 

Free brochure sent on request 

How many lightweight baluns have you burned out 
already? Install the balun that will stay up there working 
year after year. 

To order, add $3 shipping/handling. California residents 
add sales tax. Aft 


Palomar Engineers 

Box 355, Escondido, CA. 92025 • Phone: [714] 747-3343 







Bind ’em and Find ’em 

Keep (hose valuable issues ol both Ham Radio and HORIZONS like 
new. Prevent smears, tears and dog ears. Bind 'em together and 
enjoy lor years to come. You'll be happy you dldl 


HAM RADIO BINDERS 

Beautiful buckram binders complete with date labels. Available in our n 
large size to accommodate HAM RADIO'S helty issues. 

□ HR-BDL '* - 


Each Just $6.95, 3 for $17.95 
HAM RADIO MAGAZINE FILES 

Your collection ol HAM RADIO Magazines is a valuable resource. Here's a 
brand new, inexpensive way to store them These sturdy cardboard 
magazine tiles keep them clean, neat and up Iront where you can use them 
lor quick and easy reterence. 

□ HR-HRMF $1.95 each, 3/$4.95 


HAM RADIO HORIZONS BINDERS 

Handsome washable binders complete with dale tat 

□ HR-HRDL 


Each Just $6.95,3 for $17.95 
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Larsen improved 
magnetic mount 

Larsen Electronics, Inc., of Van¬ 
couver, Washington, has improved 
their Magnetic Mount design to give 
it even stronger holding power and 
reduce even further the chance of 
scratching the vehicle finish. 

Larsen's super-strength magnetic 
assembly has been engineered to 
closer tolerances for more holding 
power per square inch. Every mag¬ 
netic mount leaves the Larsen factory 
fully "charged" to maximum flux 
density. 

In addition, the Larsen Magnetic 
Mount has a new boot of resilient 
Nordel that will not crack or harden, 
even with long-term exposure to 
weather and sunlight. This rubber¬ 
like boot also minimizes the possibil¬ 
ity of scratching the finish of the vehi¬ 
cle to which it is attached. 










Also, the capacitive coupling shield 
on the underside of the mount has 
been beefed up to make it less sub¬ 
ject to accidental puncture stress. 

For more information, write Larsen 
Electronics, Inc., P.O. Box 1686, 
Vancouver, Washington 98668. 

confirmation mailers 

Here's a neat package that will help 
you get a return QSL (confirmation of 
QSO) from those overburdened con¬ 
test stations or DX operators. 

Called Confirmation Mailers (CMs), 
the mailer is a double postal card, 
printed on both sides, and arranged 
so that you (the sender) can fill in the 
information needed to confirm a con¬ 
tact, from both your station and the 
guy at the other end. All the recipient 
needs to do is confirm that the QSO 
information is correct (date, time, 
band, report, etc.), and mail half of 
the card back to you. 

The double card can be folded and 
taped or stapled so you can enclose 
return postage stamps or IRCs to fur¬ 
ther induce the other station to con¬ 
firm the contact. 

CMs are priced at $5.50 for 30, and 
are available from Robert Zittnan, 
K9UJA, P.O. Box 94973, Schaum¬ 
burg, Illinois 60193. 
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v Observations 
& Comments 


While browsing through RSGB's Radio Communications (August, 1979, page 751) I came across 
an interesting letter from H. Herzer, DL7DO,* which had been subsequently picked up by QST in 
their July, 1980, issue (page 73). The subject of Herr Herzer's letter was the antiquated RST signal¬ 
reporting system and what might be done about it. 

Herr Herzer presents a pretty good case for eliminating the RST system in terms of today's stan¬ 
dards of equipment sophistication, band conditions, and operating methods. 

During the early years of Amateur Radio, as Herzer points out, the RST reporting system was a val¬ 
uable aid to operators, as most (if not all) equipment was homemade. Amplitude levels were low, 
power-supply filter systems were primitive or nonexistent, and measurement equipment was crude. 
So the RST system was a means of evaluating on-the-air signals. If your rig used, say, a type 45 tube 
with 90 volts on the plate, a report of S7 meant that the signal was "fairly strong." A tone report of 
T8 meant that something had to be done in the power-supply filter department to bring the signal to 
T9: "pure dc note." If you received a readability report of R3, this could mean just about anything, 
from poor propagation conditions to faulty adjustment of receiving equipment at the other end of the 
circuit. 

Herzer recommends a "Q System" to replace the antiquated RST reporting system for both CW 
and radiotelephone communications. In Herzer's system "Q" stands for transmission quality, which 
accounts for the one and only parameter relevant to successful information transfer by Amateur 
Radio stations. It all boils down to: "Has the message been received and understood?" The Q report¬ 
ing system used only three variables: 

<27 At no time has there been sufficient transmission quality; that is, no copy has been re¬ 
ceived. 

02 Sufficient transmission quality has occurred some of the time; that is, partial copy has 
been received. 

03 Sufficient transmission quality has occurred at all times; that is, full copy has been re¬ 
ceived. 

Intermediate stages of reporting, such as Q1/2 or Q2/3, might be used. You can always ask the other 
operator for an explanation. 

Herzer feels that such a system will result in a considerable reduction in QRM, contest reporting, 
and logging. I agree. Today's RST reporting system is not only redundant but meaningless. 

Of course, this means changing your QSL cards to show the new system, and it will probably take 
a long time to implement on a worldwide basis. But the system has real merit in reducing "on-the- 
air" pollution in today's Amateur bands. 

The other night I worked several stations, foreign and domestic, on the low end of the 14-MHz CW 
band. All reports were RST 579. During contest operation, all stations reported RST 599. Utterly 
meaningless! Why bother with such a signal-reporting system? In fact, why is any signal-reporting 
system useful today? 

What do you think? We'd like your opinion. 

Alf Wilson, W6NIF 
technical editor 


* Radio Communications, Journal of the Radio Society of Great Britain, August, 1979, page 751. 
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microphones 

Dear HR: 

Readers should be cautioned to 
avoid using the type of audio cables 
suggested by WIOLP in his article on 
microphones and speech processing 
in the March issue of ham radio. Only 
the audio line should be inside the 
shield. Having the audio line plus the 
PTT line and/or battery line inside the 
shield will, in many cases, result in 
unwanted noises in the transmitted 
audio: hum, switching noises, and 
stray rf. It is preferable to use micro¬ 
phone cable which has one shielded 
line for audio, with the PTT and other 
control lines outside the shield. 

Buddy Massa, W5VSR 
New Orleans, Louisiana 


Hallicrafters story 

Dear HR: 

The fine story by W6SAI about Bill 
Halligan's HT-4 (BC-610) in the 
November, 1979, issue of ham radio 
surely brought back a flood of memo¬ 
ries — Utah Beach, Ste. Mere Eglise, 
Carentan, Isigny. 

We had five mobile units in ADSEC 
(Advanced Section Communications 
Zone), 3rd Army, and only one of 
them was an SCR-299, the others 
were SCR-399s. I would like to call 
your attention to the incorrect cap¬ 
tion with the photograph on page 24. 
The mobile unit is an SCR-299, not 
399; the 399 differed mainly from the 
299 in that it was not housed in a 
panel truck; it was provided with an 


HO-17 plywood shelter, designed to 
fit the equally famous 6x6 Interna¬ 
tional truck. The shelter could be 
lifted off, complete with its equip¬ 
ment, and operated on the ground as 
a fixed station. 

Our first team's unit was installed 
in a "Duck" amphibious version of 
the 6x6, with two little PE-75 gas gen¬ 
erators connected in parallel on the 
aft deck. They were let down from 
the LST before H-hour on D-day and 
made an attempt to scramble ashore, 
but they were met by severe mortar 
fire and forced to withdraw. Later 
they gained an exposed position on 
the beach and made contact with our 
station in England that had been set 
up in late May. 

I was the Platoon Sergeant of the 
fifth team and some days later we 
had all units dispersed several miles 
apart and well camouflaged in the 
Normandy apple orchards. They were 
tied with field wire keying lines (du¬ 
plexed for telephone) to a radio cen¬ 
ter in the loft of an old French barn. In 
the stable below were the TC-10 tele¬ 
phone boards and the Message Cen¬ 
ter. All operation was manual and 
long press dispatches were cleared 
between items of military traffic. 
Later three more SCR-399s arrived 
and eight were operated for a few 
days. Then one-by-one the ADSEC 
units began to leave to follow the 
action. Some months later one was in 
Namur, Belgium, in contact with be¬ 
sieged Bastogne. 

I should add that the operators 
who accompanied these units were 
highly specialized, having worked in 
the signal center at the Pentagon be¬ 
fore leaving the States. Likewise, 
many of the technicians were special¬ 
ly trained on SSB multi-channel 
(AFSK) high-power transmitters (40 
kW). They formed the nucleus of the 
Paris communications center in the 
"Block House" about a block from 
the Arc de Triomphe de L'Etoile on 


Rue Wagram. Some followed the 
action; some had very important mis¬ 
sions elsewhere. 

We experienced only one real troub¬ 
le with our BC-610ES. The high-volt¬ 
age in the modulation transformer 
would break down to ground, killing 
the rig. We found that we could set 
the transformer up on four short 
standoff insulators supplied in the 
spares chest and be back on the air in 
half an hour. Information was sent up 
through channels on this fix and ap¬ 
parently others had experienced a 
similar failure because a Field Change 
Bulletin was put out by the Signal 
Corps directing that this modification 
be installed in all BC-610Es. 

After VE-day, returning to France 
and to the Signal Depot at Mohn near 
Meziers, SCR-399s were stashed in 
the fields around the buildings as if 
we were operating a trailer park. I 
wonder now what happened to all of 
them. Some were trans-shipped to 
the Pacific Theater, but most were 
left behind. 

Clifford O. Field, WA2JVD 
Fair Haven, New York 

more Hellschreiber 

Dear HR: 

E.H. Conklin, K6KA, is not quite 
right in describing the Hellschreiber 
as a wideband system (Comment, 
March, 1980). Admittedly, the band¬ 
width of any keyed system is a func¬ 
tion of the keyed element rise time, 
but with proper pulse shaping as 
practiced by the majority of the PA0 
and German Amateurs the amount of 
spectrum space occupied by a Hell¬ 
schreiber signal is only marginally 
greater than that of 45.5-baud RTTY. 

The bandwidth necessary for Hell¬ 
schreiber may be quite easily com¬ 
puted by reference to CCIR Recom¬ 
mendations, which in Appendix 5 of 
Radio Regulations state that this is 
l Continued on Page 66) 
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FREEDOM TO LISTEN TO RADIO c 


liled by a bill 
‘reyer (D-North 
tion of prival 



.e study materials containing exact exam questions and answers is the only 
i for the shift, which is the cause of concern in both FCC and Amateur cir- 
: considerable feeling that the increased pass rates are due mainly to mem- 
r than understanding, which would result in unqualified applicants recelv- 
enses and the license itself being cheapened as a result. 

is That Came into use in June should at least temporarily curb the problem, 
lie West Coast publisher who's been selling the question-and-answer sheets 
:ams, a considerable investment of time and taxpayers' money will have gone 
le FCC's rules apparently have no provisions for protecting the security of 


PETE HURD, K4NSS/N1SS ■ HAS JOINED HAM RADIO as assistant publisher. Pete, who's 1 
been involved with many activities that concern Amateur Radio's future, arrived in Gr< 
ville on July 16 to begin his new role on a commuting basis. As assistant publisher I 
be responsible for day-to-day management of the Ham Radio Publishing Group and its th: 
publications. 

Pete's Part In The ACAR operation, where he served as the executive secretary for 
Advisory Committee for Amateur Radio that so successfully formulated the strong pro- 
Amateur Radio U.S. WARC position, has made him well known to high-ranking Amateurs bo 
domestically and abroad. Professionally. Pete served with the Air Force until his re 
ment a year ago. where he was a Colonel with the Department of Defense working in resi 
and engineering management. There he not only worked closely with the U.S. electronii 
industry, but was often in Europe on NATO business where he became well known to many 


RADIO as assistant publisher. Pete, who's long 
:oncern Amateur Radio's future, arrived in Green- 
i a commuting basis. As assistant publisher he'll 
of the Ham Radio Publishing Group and its three 


AN AMATEUR EQUIPMENT R1P0FF in the Washington, D.C., area has also victimized some 

dealers in other areas as well. Using the expired call W5SRZ as part of his "identifi¬ 
cation" and sometimes on the air as well, an individual from northern Virginia has been 

able to purchase quite a bic of equipment without paying for it. 

He Orders By Telephone, using a valid credit card number not his own. Since Master 
Charge's credit OK is only for the number and not who or where the card user actually is, 
the sale is OKed and the merchandise delivered without hesitation when the buyer comes 
in to pick it up. 

Distributors In California . Florida, and New York, as well as several in the greater 
Washington area are known to have fallen victim to "W5SRZ," who also sometimes says he's 
an airline captain. Although some criminal charges have been filed against him, he's 
apparently still active. 

Merchants Who Accept Credit card orders by phone or mail must be especially cautious, 
as the law makes them the losers, with little recourse, when an incorrect account is 
billed. One dealer first learned he'd been taken when a woman phoned to ask why he'd 
put $1500 in radio equipment on her charge card! 

U.S. AMATEUR POPULATION SWELLED to 385,625 licensees at the end of June, an increase 
of 1,83/ from the start of the month. FCC statistics went on to show that Amateur Radio 
experienced twice as much growth (12,583 new licenses issued) in the first six months of 
this year as it did in all of 1979 (6,119 new licenses). June's increase, in fact, nearl, 
equaled the 2,401 licenses issued between April and December of last year! 

INDECENT LANGUAGE COST WD8NLS his station license and triggered suspension of his 
General Class operators license for the remainder of its term. FCC engineers had moni¬ 
tored his use of indecent language on the air on three different occasions , plus his 
rebroadcasting music on another. 
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Gunn oscillator design 


for the 
10-GHzband 

Gunn oscillators are an attractive alternative to 
reflex klystrons as a signal source in the Amateur 
microwave bands. However, to some, the design of 
stable Gunn oscillators is considered to be somewhat 
empirical. In practice a particular design approach is 
tried then perfected through cut-and-try. Much 
research has been done with Gunn devices as 
described in the literature, 1 - 2 leading to high-quality 
commercial units. 

In an effort to dispel some of the mystery sur¬ 
rounding Gunn oscillator design, I'll set down some 
ground rules for a certain design approach that pro¬ 
duced good results. I wish to emphasize at this point 
that what follows is only one of several approaches 
that will give results. The oscillators were designed 
for 10 GHz, but this design could be used and modi¬ 
fied for any microwave band between 5 and 90 GHz. 
Gunn devices can be made to oscillate in a number of 
configurations. These can be in the form of coaxial 
resonators, waveguide cavities, and microstrip cir¬ 
cuitry. 3 They can be tuned mechanically or electrical¬ 
ly. The theory of how Gunn devices oscillate is 
covered in other literature. 4 - 5 - 6 

The type of Gunn oscillator presented in this article 
is a waveguide cavity oscillator. If you wish to tune a 
waveguide cavity oscillator over a wide range, the 
cavity volume formed between the diode mount and 
a movable back wall, in the form of an rf choke, is 
changed. D. Evans, 7 and Tsai, Rosenbaum, and Mac 
Kenzie 8 describe wideband mechanically tunable 
waveguide cavity oscillators. However, the other 
approach to waveguide cavity oscillator design is to 
use an iris-coupled waveguide cavity. Here the reso¬ 
nant cavity is formed by the iris and the diode mount. 
The backwall is adjusted close to the diode mount for 
optimum operation. The design is inherently narrow- 
band, tunable over 100-300 MHz. Since operation is 
permitted between 10.0 and 10.5 GHz, this type of 
oscillator presents a practical approach. Other fea¬ 
tures of the oscillator are that it is fairly straightfor¬ 
ward in design and can be easily reproduced. 

Following is a presentation of some of the ground 


rules for iris-coupled waveguide oscillator design. 
From these, a design procedure is presented followed 
by testing techniques and precautions to be taken 
when putting the oscillator into operation. 

The iris-coupled waveguide cavity oscillator is 
shown in fig. 1. The diode is mounted across the 
center of the broad dimension of the waveguide. Dc 
bias is coupled to the diode through an rf choke. The 
backwall, which can be moved, is usually close to the 
diode mount and can be adjusted for stable opera¬ 
tion. The function of the iris is to complete the wave¬ 
guide cavity while providing coupling between oscil¬ 
lator and load. The tuning screw located between the 
diode post and the iris provides a limited tuning 
mechanism for the oscillator. 

Since the Gunn oscillator is a negative-resistance 
device, it will have a tendency to oscillate at more 
than one frequency. The idea is to reduce the num¬ 
ber of spurious resonances and make it oscillate 
where you want it to. The first step in this direction is 
to examine what makes up the main oscillating cavity 
of the oscillator. 

Waveguide cavity. The fundamental resonant 
modeof the cavity occurs when the distance between 
the iris and the effective backwall is one-half the 
guide wavelength. If the diode is mounted near a 
sidewall of the cavity, the effective backwall is some¬ 
where between the diode post and the backwall. If, 
however, the diode is mounted in the cavity center, 
the effective backwall is in the plane of the diode 
mount.® This is verified by slotted-line measurements 
looking at the normalized impedance in the plane of 
the diode mount. 

One end of the cavity is now defined. The other 
end is defined by the iris. The iris reactance can be 
either inductive or capacitive. Fig. 2 shows an equi¬ 
valent circuit of an iris-coupled cavity. If the iris is 
capacitive, the physical length of the cavity is 
longer than -y as shown in fig. 2(a). If the iris is 
inductive as in fig. 2(b), the actual cavity length is 
shorter than -y. The relationship between cavity 
length and iris susceptance is: 10 

By Richard Bitzer, WB2ZKW, 3 Ray Street, 
Milltowri, New Jersey 08850 
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diode mounted ecroee the guide center, the distence be¬ 
tween irie end diode post is spproximetely one-half guide 
wavelength. Iris size Is optimized for maximum power out¬ 
put while providing Isolation from load mismatches. The rf 
choke minimizes power loss through the bias line. Backwall 
is adjusted to provide a stable operating point. 


£ = |«7r+ fan -7 -|^j-j(cap.)^ 

£ = -g-r V2 tan' 1 (ind.)* 2 * 

where = cavity length 

\ g = guide wavelength 

n = integral number 

|£> e | = absolute value of normalized iris 
susceptance 

X = operating wavelength 
a = wide dimension of waveguide 


in most cases n = 1 to reduce the possibility of the 
oscillator operating at a lower frequency. Once the 
value for b e is found, the appropriate expressions 
(eqs. 1 or 2) give a value for the cavity length, £ . 

The estimated value of loaded Qfor an iris-coupled 
cavity is given by: 1 "! 


Qz-f-ff- 



(3) 


where b e = normalized value of iris susceptance 
f c = guide cutoff frequency, TE t0 mode 
/ = operating frequency 

From the previous discussion, the cavity length, £ , 
and the cavity loaded Q.depend on the value given to 
the normalized iris susceptance. 


Iris. An iris is an obstruction placed into a waveguide 
system that electrically has a value of reactance or its 
inverse, susceptance. Irises can take various shapes 
(fig. 3) and can be inductive, capacitive, or resonant. 
From the standpoint of ease of construction, a 
centered circular aperture is the simplest form to 
make. The circular iris is inductive and its value can 
be calculated; however, it's easier to use the graphic 
in fig. 4. 

The graph gives a good approximation for the 

value of normalized susceptance, (that is, b e ) as 
r 0 

a function of the ratio of iris diameter to the broad 
dimension of the waveguide. This is done for various 
waveguide aspect ratios and various ratios of operat- 
ing-wavelength-to-guide width. The values of b e 
from the chart are in good agreement with measured 
values. Now that the iris susceptance is calculated 
using fig. 4, cavity length can be found. 

The question is raised as to how large a hole 
should be made in an iris plate. Critical coupling, the 
point where power output is maximum, occurs when 
the iris area is about 25 per cent of the waveguide 
cross-sectional area.13,14 |f the hole is further 
enlarged, the oscillator cavity will be overcoupled 
with a resultant drop in output power and poor 
stability. On the other hand, by making the hole 
smaller, the cavity will become undercoupled 
resulting in a drop in oscillator output power. 

So in determining cavity length, choose an iris area 
between 20 and 25 per cent of the waveguide cross- 
sectional area. Since the circular iris area is ird 2 /4, 
the diameter can be found. The next step is to design 
the cavity to operate at the highest frequency of 
interest. The cavity can always be tuned downward 
by a dielectric screw tuner. The operating frequency 
determines the wavelength. Knowing the a and b 
dimensions of the guide, the value of the normalized 
susceptance, b t , can be found from fig. 4. This value 
is then substituted into eq. 2 to find cavity length £. 
Rf bias-choke system. Erratic operation, spurious 
responses, and power loss can be caused by an 
improper bias-choke design. The diode must be 
operated with a dc bias while decoupled from the 

H — —• J r— 


e • 

fig. 2. Equivalent circuit of an iris-couplad cavity. Whan tha 
iris Is capacitive, A, the actual cavity length Is longer than 
multiples of one-half guide wavelength; when Inductive. B. 
the actual cavity legnth Is shorter than multiples of one-half 
guide wavelength. 
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fig. 3. Various iris configurations. A and D ara inductive; B 
and C are capacitive and resonant respectively. The circular 
iris in D is easiest to make. 


bias supply. Early designs operated erratically and 
even had diode failure because of poor bias-choke 
design. Two common types of chokes are the radial- 
line choke and “dumbbell" choke. The radial-line 
choke requires a large circular plate parallel to the 
broad side of the waveguide with small separation. 
The radius of the radial line is approximately \/4, 
with a configuration of an open-ended quarter-wave 
transmission line. The feedpoint impedance at the 
diode end becomes very low. 

Although this type of bias-choke system is easy to 



fig. 4. Relative susceptance of a centered circular aperture 
as a function of the ratio of iris diameter to waveguide 
broad dimension. 


build, some radiation occurs from the open end. A 
more popular choke arrangement is the "dumbbell" 
choke, fig. 5. As the name implies, sections A, B, 
and C resemble a dumbbell. This choke design is 
basically a series of quarter-wave-long coaxial line 
transformers, alternating between low and high Z 0 
sections. The design transforms a wide variety of 
impedances at the feed point to an extremely low 
impedance at the Gunn-diode mounting point. This 
is necessary since the waveguide wall is a current- 
carrying surface. 

The characteristic impedance of a coaxial line is: 



where r 2 - inside radius, outer conductor 
rj = outside radius, inner conductor 
e r = relative dielectric constant 
Since sections A and C must have close spacing with 
respect to the wall, a dielectric material such as Mylar 
tape can be used to prevent the choke from shorting 
the bias supply. Sections A and C will be shorter in 
length than section B to account for the difference in 
phase velocity caused by the different dielectric con¬ 
stant of the tape. The velocity that the wave propa¬ 
gates is given as: 



where v = velocity of propagation 

c = speed of light = 3(108) meters/second 
e T = relative dielectric constant 
To calculate the \/4 sections, operating wavelength, 
X, is found from: 

X = f <6) 

where X = operating wavelength 
i; = propagation velocity 
/ = operating frequency 

Eqs. 5 and 6 will allow you to calculate the lengths of 
sections A, B, and C, while aq. 4 gives the character¬ 
istic impedance of each section. The diameter of the 
cylindrical hole into which the choke section slides 
can be between 1/4 inch (6.35 mm) to 1/2 inch (12.7 
mm) for X band. A compromise is to use 3/8 inch 
(9.5 mm). 

Diode-mounting configurations. The diode can 
be mounted on a post centered in the waveguide. 
The post and mounted diode can excite TEM modes 
in the vicinity of the post, resulting in spurious 
responses that can cause oscillator turn-on prob¬ 
lems. Post reactance can be eliminated if guide 
height is reduced to that of the diode package. How- 
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ever, results have shown that the tuning range is nar¬ 
rowed and power output drops. 15 If it's desirable to 
broadband the oscillator, a tapered or stepped post 
can be used. Again, because the device is a negative- 
resistance oscillator, broadbanding in this manner 
can lead to oscillation in unwanted modes and turn¬ 
on problems. 

The resonant frequency of the TEM modes can be 
equated to post and diode height, being approxi¬ 
mately a half-wavelength long. Mode frequency can 
be doubled by centering the diode on the post. The 
diode will cause a null in the fields at the point that 
makes the original post-height sections halved. How¬ 
ever output power will drop, since mounting the 
diode in the post center decouples the diode. In 
many cases diode location on the post is left up to 
the experimenter. 

Optimum post diameter is discussed in the litera¬ 
ture. 16 Theoretical calculations verified by experi¬ 
mental results show that a post 0.125 inch (3 mm) in 
diameter gives the oscillator the broadest bandwidth. 
Post diameters greater than 0.150 inch (3.8 mm), 
reduce bandwidth over which the oscillator can 
operate. The power output, however, increases with 
post diameters greater than 0.150 inch (3.8 mm). 
Cavity backwall. In some Gunn-oscillator designs 
the cavity backwall is fixed and located approximate¬ 
ly one-half guide wavelength behind the diode post. 
For this configuration, some form of matching net¬ 
work is ahead of the diode. In the iris-coupled wave¬ 
guide oscillator the backwall can also be fixed; how¬ 
ever, this must be done by experimentation to obtain 
optimum results. 

Once the backwall position is determined for opti¬ 
mum power output and stability, the position can 
then be fixed. From a flexibility standpoint, I found 
that a movable backwall permitted greater freedom 
of adjustment. This is particularly evident when dif¬ 
ferent Gunn diodes are used in the same cavity. 

Fig. 6 illustrates different movable backwall 
designs. Figs. 6A and B are quarter-wave choke sec¬ 
tions, while fig. 6C is a close-fitting block that can be 
secured by locking screws once optimum operation 
is established. In fig. 6A, the quarter-wavelength 
sections are separated from the wall by nylon bear¬ 
ings. The mechanism is spring loaded, so that a con¬ 
stant pressure is exerted onto the choke assembly. 
An adjusting knob, riding on a threaded shaft, moves 
the choke assembly in and out. 

Fig. 6B is identical to that of fig. 6A, except a die¬ 
lectric is used around the entire sections that come in 
close contact with the waveguide walls. Note that 
these sections are narrower than the corresponding 
sections in fig. 6A because the insulated sections 
form a dielectric loaded guide. 


Fig. 6C shows a simple block that is close-fitted in 
the guide. No attempt is made to insulate here; wall 
contact is desired with this design. In many cases, 
the block is cut to a depth of a quarter guide wave¬ 
length. A threaded rod acts as a handle for block 
adjustment. 

The choke-section depth is based upon the idea 
that the space between guide sidewall and choke can 
be considered as a guide beyond cutoff (assuming 
TE W mode). The space between the guide broad 
wall and choke is basically a reduced-height guide 
propagating in the TE 10 mode. The relationship for 
\ g is the same regardless of guide height. The choke 
depth is one-quarter guide wavelength. When air is 
in the dielectric, \ g /4 is computed from: 



and C are Identical. The dielectric inaulatea the center aec- 
tion from the wall. Sectiona A. B, and C form a coaxial 
tranamiaaion-line ayatem of quarter-wavelength transform- 
era with different characteriatic impedances. 




where = guide wavelength 

X = operating wavelength 
a = broad guide dimension 

From eq. 7 the value for \ g is divided by four, and 
each section in fig. 6A \s\ g/4 long. 

In fig. 6B, the value of \ g for the two sections hav¬ 
ing dielectric tape wrapped around them is: 


\d - 




^ Jot TEjq mode 


where X grf = guide wavelength in dielectric guide 
e r = relative dielectric constant 
Here the first and third choke sections are X gd /4, 
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fig. 6. Different moveable backwall designs. An adjustable 
backwall choke assembly, using nylon pads for isolation, is 
shown in A. B shows a design using dielectric tape around 
the two sections. Wall contact is desired in the block design 
in C. The close-fitting adjustable backwall is locked Into 
place by locking screws on each side of the waveguide. 


Fig. 7 is an example of a three-screw tuner. The 
screws are one-quarter guide wavelength apart and 
are placed along the center line of the broadwall of 
the guide. If a wider range of impedances is to be 
matched, 3/8 and 5/8 guide wavelength separations 
can be used if space permits. The distance between 
the iris and the first screw of the tuner can be made 
3/8 guide wavelength. 

oscillator design 
and assembly 

Since an iris-coupled waveguide cavity oscillator 
can tune only over a portion of the 10-GHz band, 
several factors affect the choice of frequency. First, 
the frequency will tune downward with increasing 
bias for most diodes. Diodes are available where fre¬ 
quency increases with bias; these are employed 
where temperature compensation is required. 
Second, the frequency will tune downward as the 
tuning screw penetrates the cavity. Third, the fre¬ 
quency decreases with increasing temperature. 

Because the effects of bias, temperature, and 
mechanical tuning lower the frequency, choose a fre¬ 
quency of, say, 50 MHz or so above the desired oper¬ 
ating frequency. With an AFC system, the oscillator 
can stay locked onto either the incoming received 
signal or a reference signal. 

Design example. In the following example an 
operating frequency of 10.350 GHz was chosen. To 
compensate for the effects mentioned previously 
10.400 GHz became the design frequency. An iris 
diameter of 0.25 inch (6.35 mm) was used. Before 
the cavity length can be calculated from eq. 2, \ g and 
b e must be found: 


while the middle section is \/4. Eq. 8 is an approxi¬ 
mate solution, assuming that a dielectric with a low- 
loss tangent is used. 

Matching section. This device is an adjunct to the 
oscillator in that, if there's a considerable mismatch 
between oscillator and load, some sort of matching 
device is needed. Several techniques are used in 
impedance matching. Devices such as E-H tuners 
and slide-screw tuners, have been fairly common. 
However, they've been replaced in many applica¬ 
tions by a ferrite isolator. This device exhibits low 
attenuation in the forward direction and high attenu¬ 
ation in the reverse direction. They can be made 
broadband and present a constant load to the oscil¬ 
lator despite wide variation of load mismatch. How¬ 
ever, they're rather expensive, so a simple approach 
is used. 

While it's narrow band, a three-screw tuner will 
match over a limited range of mismatch conditions. 


X = 4 = 3 x 10 s m/s = 2,2 3 inch 

f 10.4 x 109Hz 


(0.02883 meters or 28.83 mm) 


= 1.464 inch (37.18 mm) 

From fig. 4, the value for b e can be found, providing 
the following ratios are calculated: 

d _ 6.33 mm _ 2 _s 
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Using these numbers in fig. 4, b e is 14. Next 
substitute the values for b e and \ g in eq. 2 and 
calculate cavity length: 



0.717 inch (18.2 mm) 


of that of A and C. Section B diameter is chosen as 
0.125 inch (3.175 mm). Using these diameters in eq. 
4, the characteristic impedances of the sections are: 

Sections A and C: 


Z 0 


-&= Sin — 

T i 


Z 0 


60 9.525 mm/2 

-JTT ln 9.144 mm72 


Section B: 


1.46 ohms 


The tuning screw can be placed anywhere 
between the diode post and the iris; however, a posi¬ 
tion of 0.22 inch (5.6 mm) from the iris was chosen, 
since placing it too close to the diode post would 
cause unstable operation. 

Bias choke and diode post. Referring to fig. 5, the 
lengths of sections A, B, and C are calculated. Since 
sections A and C are sections of coaxial line with 
Mylar insulation, propagation velocity will be altered 
by Vi^of the Mylar. Using eqs. 5 and 6: 



X = 


1.79 x10 s m/s 
10.25 xlO^Hz 

= 0.688 inch (17.5 mm) 


In the above instance, the frequency for the middle 


Sin = 65.9ohms 

The section above C maintains the same diameter as 
in section B and is made long enough to connect to a 
BNC connector. The Gunn diode connects to section 
A. Fig. 8 is an outline dimension for a typical low-to- 
medium power Gunn diode package. Each end is 
0.061 inch (1.56 mm) in diameter. The mating hole in 
section A is made slightly larger; i.e. 0.0625 inch 
(1.59 mm) in diameter and at least as deep. The 
diode post is made from a 10-32 (M5) screw. The end 
opposite the head has a hole drilled out to 0.0781 
inch (1.98 mm) diameter. The depth of the hole is at 
least 0.0625 inch (1.59 mm). The larger hole is need¬ 
ed to avoid fracture of the diode caused by misalign¬ 
ment errors. 

The quarter-wave dimensions for movable back- 


wall choke assembly are based on the design shown 
in f ig. 6B. Here the first and third sections are loaded 
with Mylar tape. The inner guide dimension is 
0.9x0.4 inch (22.86 mmx 10.16 mm). The choke 


of the 10-GHz band was chosen, i.e., 10.25 GHz. The 
length of sections A and C are \/4 , therefore: 

l = 17.5 mm = 0 .17inch (4.4 mm) 

Section B (fig. 5) has air dielectric, therefore 
= 1 and its length becomes: 

* - } - - 

A = 29.27 wm = o.28 inch (7.3 mm) 

The characteristic impedance must be low for sec¬ 
tion A and C and high for section B. Based on choke 
design appearing in D. Evan's articles, 17 ' 18 - 19 the 
outer diameter of the choke cylinder is 0.375 inch 
(9.525 mm). Sections A and C are chosen so that the 
spacing accommodates one or two layers of Mylar 
tape. The diameters of A and C are then 0.360 inch 
(9.144 mm). The diameter of B is approximately 1/3 



fig. 7. Cross section of the triple-screw metching section. 
Screws ere one-querter guide wevelength apart and are 
placed along the centerline on the guide broad wall. Spac- 
ings of 3/8 and 5/8 guide wavelengths can be used if space 
permits, since such spacings match a wider range of impe¬ 
dances. 
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block must be made smaller by the amount of the 
Mylar tape. If 5-mil-thick tape is used, the choke 
block is made with at least a 7-mil clearance on each 
side. These blocks then become 0.886 x 0.386 inch 
(22.50 mm x 9.80 mm) in their cross-sectional dimen¬ 
sions. Their length is computed from eq. 8: 


V = - 


£=TF) 


J2.8- (- 


, 2 x 22.86 mn 
= 0.733 inch (18.62 mm) 


= I8 62 4 mm = 0.183 inch (4.66 mm) 

This value is the length of the first and third sections. 
The middle section length is computed from eq. 7: 


28.85 m 




K 2 x 22.86 mm 
-- 1.464 inch (37.18 mm) 


h. = iZMmm = 0.37 inch (9.30 mm) 

The remaining calculation is that of the matching 
transformer or tuner. The first screw of the three- 
screw tuner shown in fig. 7 is approximately 3/8 X g 
away from the iris. The distance between the screws 
is \/4. Using 10.25 GHz, a band center, \ g = 1.5 
inches (38.10 mm). The distance between screws is 
0.375 inch (9.5 mm), and between screw and iris is 
0.563 inch (14.3 mm). When the sections were built, 
this dimension was closer to 0.590 inch (15 mm). The 
discrepancy produced no apparent problem. 

construction 

Now that all critical dimensions have been calcu¬ 
lated, figs. 9A and B show the oscillator assemblies. 
The oscillators operate around 10.4 GHz and 10.3 
GHz respectively. Fig. 9B differs from A mainly in 
backwall design. The construction of the oscillator 
follows a sequence of steps. 

Cavity. Referring to fig. 9A, the cavity assembly is 
made from a piece of WR-90 waveguide about 2.5 
inches (63.5 mm) long. If you have a drill press, mill¬ 
ing machine, and lathe, the job becomes easier. 
However, much of the construction can be done if 



fig. 8. Outline dimensions of e typicsl low-power Gunn 
diode encepsuletion. Diodes with output power retings 
greeter then SO mW (such es the Alphe Industries DGB- 
6838CI heve the cethode on the heetsink end. Those with 
less then SO mW output power retings (such es the Micro- 
weve Associetes MA-49806) heve the snode on the heetsink 
end. 

you have some hand tools and a drill press. 

Square off both ends of the guide and deburr. 
Obtain a piece of brass stock 0.75x1x1 inch 
(19 x 25.4 x 25.4 mm) and another 0.125x0.75x1 
inch (3.175x19 x 25.4 mm). Fit a UG-39/U cover 
flange over one end of the guide and clamp the two 
brass pieces on each side. Make a waveguide cap for 
the other end of the guide out of a piece of 1 x 0.5 
inch (25.4x 12.7 mm) flat stock 60 mils thick. Place 
this assembly vertically on a fire brick. Rest the wave¬ 
guide cap over the open waveguide. The flange end 
should be flush with the brick. Solder the assembly 
using a torch and let cool. File the flange end 
smooth; or if a milling machine is available, mill it 
smooth. 

Measure a point 0.717 inch (18.2 mm) back from 
the flange and center it on the broad dimension of 
the guide on the 1 inch (25.4 mm) high block behind 
the flange. Drill a small pilot hole through the entire 
assembly using a 3/32-inch (2.38 mm) diameter drill. 
This ensures the alignment of the bias choke with the 
diode post. On the bottom side, drill and tap for a 
10-32 (M5) thread. On the choke block, drill a 3/8- 
inch (9.525 mm) diameter hole. 

A word of caution here — start by drilling progres¬ 
sively larger holes until the required diameter is 
reached. Use a slow drill speed and oil. The drill has a 
tendency to grab, and you may have to anchor the 
assembly to the work table on the drill press. 

Next, locate the holes of a UG-290/A BNC con¬ 
nector on the top of the bias-choke housing. Drill and 
tap four 4-40 (M3) screws 0.5 inch (12.7 mm) deep. 
Drill and tap a 6-32 (M3/5) hole 0.22 inch (5.6 mm) 
back from the flange face and centered on the broad- 
wall in front of the bias block for a 6-32 (M3/5) nylon 
tuning screw. Drill a 1/4-20 (M7) clearance hole cen- 
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tered on the waveguide cap to accommodate the 
shorting choke assembly screw mechanism. 

Iris. The iris is made from thin copper foil at least 10 
mils thick. One of the UG-39/U flanges can be used 
as a pattern as an outline to locate the center. Cut 
out the iris and scribe a mark locating the center of 
the iris hole. Carefully drill a 0.25-inch (6.35 mm) 
diameter hole. Then drill out the four corner holes to 
clear 8-32 (M4) screws. (Later, the iris plate will be 
clamped between the oscillator assembly and the 
tuner assembly.) 

Bias choke. To make the bias choke, a lathe is handy 
since it makes the job easier but isn't absolutely 
necessary. Obtain a 3/8-inch (9.525 mm) diameter 
brass rod about 4 inches (101.6 mm) long and square 
off one end. Referring to fig. 5, mark off sections A, 
B, and C. These will be 0.172 inch (4.4 mm) 0.288 
inch (7.32 mm), and 0.172 inch (4.4 mm) respective- 




fig. 9. Assembly drawings of two Gunn oscillators. A design 
using an adjustable choke plunger backshort is shown in A. 
The oscillator In B has an adjustable contacting backshort 
that can be locked into place. 


ly. Above section C, a length of 0.236 inch (6 mm) 
can be cut back and attached to the bias connector. 

Sections A and C are reduced in diameter 0.360 
inch (9.144 mm) and B and the section above C to 
0.125 inch (3.175 mm) in diameter. A 0.0625 inch 
(1.59 mm) diameter hole is drilled on center in the 
end of section A. Wrap a layer of Mylar tape around 
A and C. Fit the bias choke into the bias block and 
set it flush with the inside top of the waveguide. Cut 
the section of the choke above section C to mate up 
with the center conductor on the BNC connector and 
solder. The assembly is secured into place by four 
4-40 (M3) screws. 

Diode post. The diode post is made from a 10-32 
(M5) screw with a 0.078 inch (1.98 mm) diameter 
hole drilled into the center of the screw opposite the 
head. When the diode post is put into position, a 
10-32 (M5) locking nut secures it. 

Backwall. The movable backwall is made from two 
brass blocks 0.886 x 0.386 inch (22.50 x 9.80 mm) in 
cross section by 0.183 inch (4.66 mm) long, and a 2.5 
inch (63.55 mm) long 1/4-20 (M7) threaded rod. Drill 
a hole, centered on the face of the block, and tap it 
for 1/4-20 (M7) thread through one block and half 
way through the other. Screw the rod into one block. 
Screw down the other block until it's about 0.366 
inch (9.30 mm) from the first block. Wrap a layer of 
Mylar tap around each block. Slide a spring over the 
free end of the 1 /4-20 (M7) rod. 

The assembly is backed into the flange end of the 
oscillator cavity, and the rod goes through the clear¬ 
ance hole in the cap end of the waveguide. An 
adjusting knob, threaded for 1/4-20 (M7) is screwed 
on and used to move the choke assembly. A 1 /4-20 
(M7) is screwed on and used to move the choke 
assembly. A 1/4-20 (M7) locking nut is secured when 
the optimum position for the choke is found. 

Place the diode, with heat-sinking compound, into 
the diode post screw. Carefully insert the screw and 
diode and lock into place. Do not exert too much 
pressure (see "precautions"). Lock into place with 
the locking nut. Insert the 6-32 (M3/5) nylon tuning 
screw at this point. 

Tuner. The triple-screw tuner is made from a 2-inch 
(50.8 mm) section of WR-90 guide. The ends should 
be squared off and deburred. Solder a brass section 
1.125 inch (28.58 mm) long by 1 inch (25.4 mm) wide 
by 0.125 inch (3.175 mm) thick onto the broad side of 
the waveguide between the two flanges. Clamp the 
plate to the waveguide, slide the flanges over each 
end of the waveguide and solder the assembly. Drill 
and tap three 6-32 (M3/5) holes centrally along the 
broad waveguide face through the block according 
to the locations in fig. 9A. Deburr the holes and 
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insert three 6-32 (M3/5) screws 0.75 inch <19.05 mm) 
long with locking nuts. Connect the tuner to the 
oscillator section. Place the iris plate as shown and 
use four 8-32 (M4) screws and nuts to hold the 
assembly together. 

This completes the oscillator assembly. The unit in 
fig. 9B is constructed in the same manner except for 
the backwall. Here a block closely fitting the inside of 
the guide is clamped into place on each side by a 4-40 
(M3) screw. 

test techniques 
and results 

The type of tests that can be made depends on 
what equipment is available. If you've been able to 
obtain a fair amount of X-band test equipment, 
including a frequency meter and a slotted line from 
surplus dealers or flea markets, you're in good shape. 
Otherwise, a minimum of test equipment can be bor¬ 
rowed or made. For making some of your X-band 
test equipment consult reference 20. 

Reflectometer test. For those who have access to 


an X-band reflectometer, looking at the reflected 
power from the cavity will show where the oscillator 
cavity resonates and where any spurious resonances 
occur within the 8.5-12.4-GHz band. Moving the 
backwall and tuning screw gives an indication of the 
tuning range. However, when power is applied to the 
oscillator, these frequencies will shift slightly. If a 
coaxial-to-waveguide transition is available, a trans¬ 
mission test is made to determine 10-GHz leakage 
out of the bias choke. The results on both oscillators 
of fig. 9 indicate the leakage is down by 60 dB or 
more. 

Slotted line measurements. If a slotted line is 
available, the reactance of the iris can be measured. I 
built several irises and the differences between calcu¬ 
lated and measured reactance were within 5 per 
cent. If the values of normalized reactance are calcu¬ 
lated carefully from fig. 4, they should be within 5 
per cent of the actual values. 

Swept-bias tests. Probably the most important 
testing technique used on Gunn oscillator design is 




fig. 10. Schematic of the swept bias supply for testing Gunn-diode oscillators. In (A), a dc supply provides regulated dc voltages up to 
500 mA. The 6.3 Vac winding of a transformer provides a variable ac supply, which is in series with the dc supply. Both supplies are 
connected to the Gunn oscillator through the protective circuit in (B). 
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the swept-bias test setup. A variable bias voltage is 
applied to the oscillator while its output is monitored 
with a detector and frequency meter. The swept 
response is displayed on an oscilloscope. Using such 
a test setup, the oscillator can be made to look into 
various loads while making different adjustments 
toward a stable operating point. 

Connect the oscillator and tuner to a load through 
a directional coupler. Connect a frequency meter and 
detector to the directional-coupler coupling arm. 

The swept-bias supply circuit shown in fig. 10A is 
made of several supplies. A dc supply provides a reg¬ 
ulated 5-10 volts dc. The supply can also provide up 
to 500 mA of current. The 6.3 Vac winding of a trans¬ 
former, providing a variable ac supply, is in series 
with the dc supply. Both are connected across the 
Gunn diode oscillator through the protective circuit, 
fig. 10B. Provisions are made for synchronized 
sweep voltage and a blanking voltage. Correct wind¬ 
ing sense must be observed on the transformer wind¬ 
ings to ensure proper sweep direction and blanking. 

The protective circuit has a diode in series to pro¬ 
tect the Gunn diode from reverse bias voltages and a 
zener diode to protect it from overvoltage in the for¬ 
ward-bias direction. The Z-50 choke and electrolytic 
capacitor ensure that a low impedance is presented 
to the oscillator and prevents buildup of dangerous 
voltage levels from parasitic resonances. 

The protective circuit is connected to the swept 
source through a coaxial cable. A dummy load is 
then connected to the protective circuit. The dc volt¬ 
age is set to 5 volts, and the sweep voltage is adjust¬ 
ed for 6 volts peak-to-peak if the MA-49508 diode is 
used, or 10 volts peak-to-peak if the DGB-6835C 
diode is used. 

Note the powerstat settings for these ac voltages. 
Set the ac voltage to zero, turn off the supply, and 
remove the dummy load. Note: The protective circuit 
parts mount onto the Gunn oscillator. A matched 
load is used on the Gunn oscillator setup, and the 
nylon screw is backed out so that it's even with the 
inside top wall of the waveguide. The protective cir¬ 
cuit box is connected to the oscillator. Turn on the 
power and advance the swept voltage to the preset 
position. Move the backshort until a stable swept 
response, shown in fig. 11D, is obtained. (Figs. 11A 
through 11C show various stages of misad/ustment.) 
The screws on the tuner can be adjusted for opti¬ 
mum output power while maintaining oscillation. If a 
particular antenna is to be connected, turn off the 
supply, connect the antenna, turn on the supply and 
make adjustment. 

Fig. 11D shows that, under proper operation, the 
onset of oscillations starts abruptly once the bias 
voltage exceeds the Gunn-diode threshold voltage. 





fig. 11. What to expect while running tests. Graphs A 
through C show respectively poor starting characteristics, 
oscillator-to-load mismatch, and backwall partially under 
the bias choke. Graph 0 shows the proper relationship be¬ 
tween power output and bias. 


As the bias voltage increases, output power 
increases to a peak and drops suddenly. Frequency 
usually decreases with increased bias voltage. 

Modulation sensitivity tests were performed on the 
two types of Gunn diodes. The MA-49508 diode 
modulation sensitivity measurement was 15.6 MHz/ 
volt, while the DGB-6835C modulation sensitivity 
measurement was 11.7 MHz/volt (both at room tem¬ 
perature). 

For comparison, the published data on these 
diodes indicate an average modulation sensitivity 
around 7 MHz/volt at room temperature. The current 
through the diode remained fairly constant during 
these measurements. 

I made a rough check of temperature effect on the 
oscillation frequency. The MA-49508 diode frequen¬ 
cy drift with temperature was measured at -290 
kHz/degree C compared to the maximum of -350 
kHz /degree C on the data sheet. The DGB-6835C 
diode measured -0.87 MHz/degree C to the maxi¬ 
mum -1 MHz/degree C on its data sheet. 

some precautions 

The Gunn diode, like any semiconductor device, 
can be damaged by an electrostatic discharge. 
Therefore, use care when handling the diodes. 
Mechanically, the diodes are fairly rugged upon com¬ 
pression. However, they can be damaged by shear 
fracture. This particular failure mode occurs when 
placing the diode into the oscillator cavity and tight- 
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ening the diode post screw too much, especially if 
some axial misalignment exists in the diode-socket 
holes. 

Check diode polarity before power is applied. In 
many cases positive bias with respect to ground is 
used. The medium- and higher-power diodes, such 
as the Alpha DGB-6835C, are heat sinked at the cath¬ 
ode end. The diode cathode end makes firm contact 
with the diode post, which is usually a good heat¬ 
sink. 

On the other hand, a lower-power diode, such as 
the MA-49508, is constructed with the heatsink on 
the anode end. It's important to note that, with this 
type of diode configuration, the diode is physically 
reversed inside the package. Therefore, if the 
cathode end is the grounded electrode, the package 
must be physically reversed before mounting it into 
the oscillator. If this is not done, the diode will be 
reversed-biased and will be damaged. 

Another cause of diode damage is parasitic oscilla¬ 
tion. Since the Gunn oscillator is a negative resis¬ 
tance device, oscillations will occur at any spurious 
resonance that exists from hf to the microwave fre¬ 
quencies. Oscillations can exceed the maximum bias 
voltage on the diode. If not by-passed at the bias 
choke cold end, any length of bias line can form a 
resonant system, and the oscillator may put out 
power at that particular frequency. 

For this reason, it's desirable to mount any modu¬ 
lation/bias circuitry close to the oscillator. Any bias 
modulation circuit should present a low impedance 
to the Gunn oscillator. Check with the Gunn diode 
manufacturer for their recommended protection 
circuit. 

One very important precaution must be mentioned 
regarding Gunn oscillators (or any microwave oscilla¬ 
tor). Do not look into the open end of the waveguide 
while power is applied to the oscillator. Close up, rf 
power density can exceed OSHA's lOmW/cm? safe¬ 
ty limit. Fortunately, the rf power density falls off to a 
safe level a short distance from the oscillator. Your 
eyes are especially susceptible to damage from rf 
power radiation, so never look into an open wave¬ 
guide or stand in front of a microwave antenna I 

conclusion 

I've presented some of the details in the design of 
a Gunn oscillator. Some of the parameters and con¬ 
ditions for building a working oscillator are given. 
Also presented is a detailed design and assembly 
description of the oscillator. Test results are given, 
and some precautions are stated since it's possible to 
damage these devices if not properly treated. 

Detailed circuits to drive and modulate the diode 
were not presented, since this is a different subject. 


Further information can be found in references 
21-27. The main purpose of this article was to pre¬ 
sent how a Gunn oscillator can be built and tested. 
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measuring capacitance 


of electrolytic 
capacitors 

Some simple math 
andavolt-ohmmeter 
make it possible 
to evaluate 
your electrolytics 


You can build or buy many instruments that will tell 
you, with reasonable accuracy, the value of a capaci¬ 
tor. The capacitance of electrolytics is not easily 
determined, however, because they are polarized 
and tend to have sizeable leakage current. The fol¬ 
lowing material provides a method for evaluating 
electrolytic caps. 

the electrolytic capacitor 

Electrolytic capacitors are made of either alumi¬ 
num or tantalum electrodes and an electrolyte. Boric 
acid is the usual electrolyte used with aluminum, and 
sulfuric acid is frequently used with tantalum. The 
active electrode may be etched; or in some cases, 
tantalum is formed as a porous plug. In either case, a 
thin insulating layer is formed on the active elec¬ 
trode. This layer acts as the dielectric in which the 
capacitive energy is stored. In a well-behaved elec¬ 
trolytic cap, this thin layer looks a lot like a rectifier. 
That is, current flow in the polarized direction is 
small, while in the reverse direction it can become 
quite large. It is this polarized state which makes 
bridge-type capacitance measurements difficult. 

uses 

Because it's possible to obtain a large quantity of 
microfarads in a small package, electrolytics are used 


as filter elements in power supplies. Here they func¬ 
tion as energy-storage devices, charging when the 
voltage is high then supplying current when the volt¬ 
age starts to drop. Electrolytics are also used as 
coupling elements. The large capacitance acts as a 
low alternating-frequency impedance between two 
points in a circuit where a difference in direct-current 
potential exists. In effect, this application also uses 
the capability of the electrolytic to store energy. 

Nothing lasts forever, and this is particularly true 
of electrolytic capacitors. Loss of liquid, degenera¬ 
tion of the dielectric film, and abuse may drastically 
change the basic capacitance of the unit. The ques¬ 
tion then is, How do you measure the capacitance of 
an electrolytic? One answer, which goes back to fun¬ 
damentals, is to measure its energy storage ability. 

mathematical derivation 

Almost every Radio Amateurs’ handbook gives the 
relationship between supply voltage, voltage across 
a capacitor, and time as a function of the charging 
resistance. This is an exponential relationship, but 
need not cause concern for the nonmathematically 
inclined. If you’re interested in the basic math, finish 
this section; if not, just jump to the next. 

First, the resistance and capacitance (RC) involved 
in a charge or discharge circuit, when multiplied to¬ 
gether, give what is called the "time constant." If 
you have a large value of resistance, the time to 
charge or discharge will be long. The same may be 
said for capacitance. If the RC time constant is large, 
the time to charge or discharge is large. 

We'll concern ourselves with discharge, in which 
the voltage across a capacitor with a shunt resistor is 
expressed as follows: 

V = exp (t/RC) 111 

The term e 0 is the voltage to which the capacitor was 
charged at time zero. Exponent (t/RC) is 2.718 raised 
to the value of t/RC. Here t is the elapsed time in 
seconds since the resistance and capacitance started 
to discharge. Note that if t is just equal to RC, we 
have 2.718 raised to unity power, or simply 2.718. 
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With the technical details out of the way we can 
now attack the problem. If we measure the time re¬ 
quired for a capacitor to reach 1/2.718 of the voltage 
to which it was originally charged, then we know the 
value of the product of the resistance and capaci¬ 
tance. Divide the time by the resistance and you end 
up with the capacitance. Simple, isn't it? 

measurement example 

Now for a practical example. Suppose you use a 
volt ohmmeter with a 20,000-ohm/volt dc sensitivity, 
and a capacitor has a rated voltage of 35 volts. You’ll 
use the 50-volt scale, so the effective resistance of 
the meter across the capacitor will be 50 times 20,000 
or 10 6 ohms. This is a rather large resistance if the 
capacitor is several thousand microfarads, since the 
time constant will be several thousand seconds. Use 
a 47-k resistor in parallel with the meter so that the R 
in the circuit is 


" 7 / ; ~ i \ ™ 

\106 4.7 x 10*} 

= 4.49 xlO 4 or 44,900 ohms 
(round off to 45 kilohms) 

We'll assume a) that the capacitor to be tested has 
been charged long enough so that it is reformed and 
up to capacitance, and b) we'll start with 35 volts. 
The voltage at which timing will be stopped will be 
35/2.718, or 12.88 volts. 

Connect the VOM across the capacitor and the 47k 
resistor, charge the capacitor to 35 volts, then note 
the time at which you remove the power from the cir¬ 
cuit. Note that you must remove one lead from the 
power supply. Simply turning off the supply is not 
enough. Now watch the voltage. When it reaches 
12.88 volts, again note the time. The length of time 
elapsed, in seconds, is the time constant. Suppose it 
was 83 seconds. This value divided by the resistance, 
45 kilohms, is 1844 microfarads, the effective capaci¬ 
tance of the unit bang measured. 

closing remarks 

This method of measurement doesn't take into 
account any leakage effects, so the capacitance you 
measure may be a bit less than the actual dynamic 
capacitance. Also recognize that, when dealing with 
high-voltage capacitors, there is danger of lethal 
shock and you should be extra careful of any voltage 
over, say, 15 volts. Another precaution concerns 
direct shorting a capacitor. Most units will survive 
the current surge from a screwdriver short; however 
some may not and it's better to use a resistor than to 
burn up a screwdriver. 
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appreciating the 

L matching network 


Theory and application 
of the L network 
in Amateur circuits 

Often one looks at transmitter schematics and 
notices the simple two-element networks in the 
shape of the letter L, which are used to match a 
source impedance to a load impedance. These seem¬ 
ingly simple devices, which display high efficiencies, 
often baffle many Amateurs. The thought of using 
two completely reactive components to transform 
the value of a resistor by itself seems intriguing. Such 
simple circuits find their way into almost every piece 
of communications equipment; matching transistor 
input and output, matching a reactive antenna to a 
flat line, and matching a driver stage to a final ampli¬ 
fier. One drawback of the L network is that it is an 
exact match at only one frequency. 

Let's look into the L network to try to understand it 
better. But we'll try to use less mathematics and 
more intuition to derive the equations. Once we've 
done this, we'll then be able to confidently use the 
networks not only to transform values of purely resis¬ 
tive loads to match a source resistance, but we'll also 
be able to match any complex impedance as well. 
The first step in understanding the L network is to 


examine the series-to-parallel impedance conver¬ 
sions. 

series-parallel 
impedance conversions 

A series combination of a resistor and an inductor 
or capacitor may be transformed into an equivalent 
parallel circuit. If the impedance of two components 
inside a black box were measured at a single frequen¬ 
cy, you would have two answers: a series circuit and 
its equivalent parallel combination, fig. 1. 

Tounderstand the series equivalent of a parallel cir¬ 
cuit or vice versa, begin by writing the simple expres¬ 
sion for the impedance across two parallel elements, 
Zp, and later try to shape it into a series circuit. 

QXp)(Rp) (1 , 

C P R p + jX p 

where j indicates the imaginary or reactive compo¬ 
nent (; = y/ 77 !). 

To obtain a real denominator, multiply both numera¬ 
tor and denominator of eq. 1 by the complex conju¬ 
gate Rp - jXp. The resultant is 

_ (jXpRp)(Rp-jXp) {2) 

p Rl + X 2 p 

where j 2 = -1. 

Next, separate the equation into the real (resistive) 
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(9) 

( 10 ) 



and imaginary (reactive) components by grouping all 
terms withj's by themselves. 



Thus an equation in the form of a series combination 
of a real (resistive) component and an imaginary 
(reactive) component results: 


Z s = R s + jX j = series equivalent impedance (4) 


R = _ r p 

S Rp + Xp 1 + (R 2 p/X 2 p) 

v = X P R P = X * 

s R 2 p + X 2 p 1 + (X 2 p/R 2 p) 


(5) 

( 6 ) 


If circuit Q is introduced, the expressions are simpli¬ 
fied. The Q for a parallel circuit is Rp/X p , whereas 
that for a series circuit is X s /R s . Thus, the series 
equivalent elements are 


R s = R p /(1 + Q 2 ) (7) 

X s = X p /(1 + l/Q?) (8) 

A transformation from a series to the equivalent par¬ 



allel circuit can be made similarly: 

Rp = R S U + (X 2 /R 2 J) = R/l + Q2) 

Xp = X s [l + (R 2 /X 2 J] = X/l + 1/Q2) 

The sign of the reactive component doesn’t change; 
the series equivalent of a parallel capacitance is still a 
capacitor. 

deriving the L network 

Two types of matching L networks are shown in 
fig. 2, A and B. One resistance, Rl, is matched to a 
smaller resistance, R2, The shunt element is across 
the larger resistor, and the series element is connect¬ 
ed to the smaller resistance. The method of deriving 
the equations will be to transform all the elements 
into the same form and make the reactances cancel. 

For the circuit in fig. 2A, begin by transforming 
the series combination of Ll and R2 into a parallel 
equivalent circuit, which then forms the parallel cir¬ 
cuit of Rl, Cl, Lip, R2p (fig. 20. The parallel equi¬ 
valent of R2 is: 



R p = R S U + (X S /RJ 2 ] (11) 

R2 p = R211 + (X L1 /R2)2] (12) 

This transformed value of R2 must equal Rl for 
impedance matching. If eq. 12 is solved for X L1 (the 
inductive reactance of Ll), substituting Rl for R2 p in 
the equation yields 

X L1 = R2 \!(R1/R2) — 1 ; Ll = X L /2vf (13) 

Thus the value of Ll is based on the resistor ratios. 
Next transform inductance Ll into its equivalent par¬ 
allel value: 

X p = X s [l + (R S /XJ2] (14) 

X LP = X L [1 + (.R2/XJ2 ] (15) 

X LP = R1/'J(R1/R2) — 1 (16) 

Now notice that we have a parallel circuit (fig. 20. 
The transformed parallel inductance, X LP , can be 
cancelled by an equal and opposite parallel capacitive 
reactance: 
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X a = x lp = R1N(R1/R2)-1 ; 

Cl = l/2vfX c (17) 

Thus series inductor LI increased R2 resistance until 
it matched Rl, then shunt capacitor Cl cancelled the 
reactance of the inductor, as in a parallel tank circuit. 
For the network in fig. 2B, simply transform the 
series arrangement of C2 and R2 into a parallel-equi¬ 
valent circuit, with the capacitance value determined 
by the necessary resistance transformation and with 
inductance L2 of sufficient value to cancel the trans¬ 
formed capacitive reactance. 

For each of these networks we could have alterna¬ 
tively transformed the parallel combination on the 
left into a series-equivalent circuit to match R2 impe¬ 
dance. The value of the other reactance would 
cancel the series equivalent, 
resistive matching 

Now we'll match a resistive generator to a resistive 


load. An example might be matching a 75-ohm gen¬ 
erator, such as the output impedance of an oscilla¬ 
tor, to a 50-ohm load (input impedance of a ground¬ 
ed-grid amplifier) on 40 meters. To accomplish this 
use either configuration fig. 2A or 2B. The larger 
resistance is always designated Rl. 

Rl = 75 ohms, R2 = 50 ohms,/ = 7 MHz 
Network 2A: 

X Ll = R2/(R1/R2)-1 = 50-4(15/ 50)-1= 35.3 ohms 
LI = X L1 /2rf= 0.8 nH 

X C i = Rl/sl(Rl/R2)-l = 75//(75/50) -1 = 106 ohms 
Cl = l/2r/X C i = 214pF 
Network 2B: 

X12 = Rl/y/(Rl/R2)-l = 75/4(75/50) -1 = 106 ohms 
L 2 = X L2 /2irf = 2.41 nH 

X C2 = R24(R1/R2)-1 = 504(35/50)-1 = 35.3 ohms 
C2 = 1/2tc/X C 2 = 643 pF 




Thus the same impedances can be matched with two 
different sets of components, fig. 3. 

The principal difference between networks 2A and 
2B (fig. 2) is that network 2A is a lowpass filter and 
network 2B is a highpass filter. For most applications 
it’s desirable to suppress harmonics; thus network 
2A is chosen. It turns out that network 2A is also 
easier to construct, because one end of a variable 
capacitor can be physically grounded to decrease 
lead inductance. 

complex impedance matching 

Now that we can match one resistor to another, 
we'll try to match complex impedances. Begin by 
designing an L network for matching the resistive 
part of a source to the resistive part of the load, then 
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modify the component values of the L network to 
take into account the reactive parts of source and 
load. Here's an example using network 2A, because 
we want to suppress harmonics. 

40-meter-band example. Decide whether the 
sources resistance is higher or lower than the load 
resistance. The higher resistance is labelled Rl. Let's 
match a 40-meter final amplifier, which has a plate 
resistance of 800 ohms with a shunt capacitance of 
30 pF, to a 150-ohm load with a series inductance of 
3ftH, fig. 4A. 

Rl = 800 ohms, R2 = 150 ohms, f = 7 MHz 
Use the equations for network 2A, which states: 

X L1 = R2\j(Rl/R2) — 1 = 312 ohms 
LI = X u /2xf = 7.1 pH 
X C1 = Rl/yJ(Rl/R2)— 1 = 384 ohms 
Cl = l/2rfX C i = 59 pF 

If this network, fig. 4B, is inserted between the 
two resistances, we would have matched the resis¬ 
tances at 7 MHz. Note, however, that we must also 
compensate for the source shunt capacitance and 
the load series inductance. First, capacitance Cl of 
the matching network is in parallel with the source 
shunt capacitance. Therefore, Cl must be equal to 
29 pF. The remaining 30 pF required for matching is 
already present in the source shunt capacitance. The 
same thing can be done with the load impedance. 
Instead of adding a 7.1-pH inductor as calculated, 
use the 3-ftH inductance present in the load and add 
4.1 pH to make up the difference, fig. 4C. 


15-meter-band example. The previous example 
was easy in that the source and load impedances 
turned out to be directly absorbed into the matching 
network. What if we wanted to match the same load 
and source on a different band, say 15 meters? 

Using the same equations at the new frequency, 
fig. 5A, f = 21 MHz. Cl = 19 pF, LI =2.4 pH. 
the value of Cl will be totally absorbed into the 
source shunt capacitance with 11 pF left over, which 
must be cancelled. An inductor could be inserted 
across the source shunt capacitance to cancel only 
11 pF of capacitance, fig. 5B. The inductive reac¬ 
tance of the added coil must equal the capacitive 
reactance of the excess shunt capacitance: 

Xhfadded) = Xcfexcess) = 1 / excess) 

= l/[2rf(30pF - 19 pF)] 

= 1/(6.28)(21 MHz)(ll pF) 

= 688 ohms 

L added = [Xi i ( added )/2 ir/] 

= 688/2icf 
= 5.2 pH 

The amazing thing is that, when we build the 
matching L network, instead of a shunt capacitance. 
Cl. we'll actually have a shunt inductance, L added , 
fig. 5C. 

Now for matching the load impedance. The load 
already has 3 /iH of inductance, which is greater than 
the 2.4-/iH series inductance required, leaving an 
excess of 0.6 pH to be cancelled. A series-capacitive 
reactance, just large enough to cancel the 0.6 /tH of 
excess inductance, is needed (fig. 5B). 

Xifexcess) = 2rfL(excess) = 2 rf(0.6 pH) = 79 ohms 
C(added) = l/2‘KfX d j(excess) = 96 pF 

The L network, fig. 5C, looks more like the high- 
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pass filter shown in fig. 2B than what we started out 
to make. Our new filter merely subtracts enough 
reactance so that the inherent reactance remaining in 
the source and load perform the actual matching. 
The total effect is, however, basically that of a low- 
pass filter. 

The only problem now remaining in applying the L 
network to any impedance is that source and load 
might not be in the right form. What is needed is for 
the impedance on the shunt side of the L network to 
be described in a parallel or shunt form, and that on 
the series side to be described in a series configura¬ 
tion. If this is not the case, the impedances must be 
converted using the series-parallel conversion rules 
discussed earlier. Once this is done source and load 
reactances can be easily cancelled. 

bandwidth 

The Q or quality factor of the matching network 
determines the bandwidth between the upper (f-|) 
and lower <f 2 > 3-d B frequencies. 

O = /o = operating frequency 
fj —f2 bandwidth 

The £> for an L matching network is: 

Q_ = f(Rl/R2) -1 as shown in fig. 6. 

Thus Qj or selectivity, is determined by the ratio of 
the impedances to be matched and cannot be select¬ 
ed independently, as in the more complex ir and T 
matching networks. As the matching ratio increases, 
so does the circuit Q. The efficiency of an L network 
is usually greater than 95 per cent: 

efficiency = [R2/(R2 + R col i)] [100] (19) 

some experiments 

I put a few L networks together and measured 
them to see what they could do, fig. 7. I decided to 
match a 600-ohm generator to various loads at 1 
MHz. How the Q affects attenuation at the second 
and third harmonics is apparent. Fora matching ratio 
greater than 4 (Qof 1.7), the slope of the attenuation 
quickly approaches 12-dB/octave. Every time the 
frequency is doubled, attenuation increases by 12 
dB. The series inductor contributes 6-dB/octave, 
while the shunt capacitor completes the additional 6 
dB. Thus you can expect about 12 dB of attenuation 
at the second harmonic and 19 dB at the third. I also 
compared the response of an L network for a match¬ 
ing ratio of 10:1 using either the highpass or lowpass 
version of the L network. They appear symmetrical 
about the center frequency. 

The ability of an L network to match impedances is 
also limited by the characteristics of the compo¬ 
nents. As the frequency is sufficiently increased, the 


series inductance in the leads of a capacitor predomi¬ 
nate, making it look more like an inductor than a 
capacitor. The same thing happens to inductors at 
high frequencies, with the capacitance between coil 
windings tending to shunt the effects of inductance. 

The phase shift, /?, for an L network as shown in 
fig. 8A is: 

COS& = \JR2/R1 (20) 

when /3 is measured in degrees, as shown in fig. 8. 
The lagging phase shift approaches 90 per cent as 
the matching ratio exceeds 10:1. As the matching 
ratio is increased, the necessary shunt capacitance. 
Cl, and series inductance, LI, decrease for a con¬ 
stant input impedance. Therefore, as the matching 
ratio increases, the network behaves more like a ca¬ 
pacitor. This phase delay must be taken into account 
when matching into different elements of a phased 
array antenna. 



Finally, let's take a brief look at the input impe¬ 
dance of an L network as series inductor, Ll, and 
shunt capacitor. Cl, are varied. For the case of 
matching a high impedance downward, fig. 9A, 
note that the real part of the transformation is con¬ 
trolled mostly by varying series inductor Ll . Remem¬ 
ber that matching circuits have been designed for the 
resistance ratio, then modified slightly to remove 
reactances. Increasing Ll increases the real part of 
the input impedance. The value of shunt capacitance 
Cl controls the reactive part of the impedance pre¬ 
sented to the input. Increasing capacitance increases 
the —j term. 

For the case of matching to a higher impedance, 
fig. 9B, decreasing Cl causes the real part of the in¬ 
put impedance to increase. Increasing Ll makes the 
input impedance appear more inductive. 
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the half-wave balun: 


theory and 
application 

Some notes on 
this versatile tool 
for impedance matching 

The half-wave balun, in which the inverted portion 
of the balanced output signal is obtained by using a 
half-wave section of transmission line, is perhaps the 
simplest and most economical balun available; 
because of this simplicity and low cost, it's one of the 
most popular. Its design is straightforward — so sim¬ 
ple, in fact, that equations are hardly necessary. Just 
measure a half wavelength of transmission line and 
you have a balun. 

Despite the popularity of this type of balun, equa¬ 
tions that predict its performance are generally 
unavailable. The only previous work on this type of 
balun of which I am aware was done by 
Woodward. 1 - 2 

The usual schematic of the half-wave balun is 
given in fig. 1. For analysis it's convenient to redraw 
fig. 1 as shown in fig. 2. 

The balanced load is assumed to be perfectly 
balanced; admittedly this isn't always true in prac¬ 
tice, but it would not be fair to blame the balun for 
imperfections caused by the load. The impedance 
seen by the generator at the unbalanced port is Z L /2 
in parallel with Z^/2, or Z^/4, as expected. 

In most baluns, the two most important character¬ 
istics are the impedance match and the degree of 
balance, both versus frequency. 

impedance balance 

One desirable characteristic of a balun is that it 
presents an essentially constant impedance over a 
wide bandwidth. Since the half-wave balun will be 


This article was originally published in the December 6. 1979, issue 
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exactly one-half wavelength at only one frequency, 
it's useful to examine the impedance presented to 
the generator in fig. 2. The input impedance in fig. 2 
is composed of one-half the load impedance, Zj, in 
parallel with the input impedance of the half-wave 
balancing line. This line, in turn, is terminated in the 
other half of the load impedance, Z 2 . The impe¬ 
dances Zj and Z 2 will both be assumed to be inde¬ 
pendent of frequency. The input impedance of the 
balancing line, however, will depend on the charac¬ 
teristic impedance and the electrical length of the 
line, and hence on frequency. 

The impedance presented at the input of the half¬ 
wave balancing line is given by the familiar transmis¬ 
sion line equation: 

f Z 2 cosO + jZ c sin 6 1 (1 , 

m c \_ Z c cosO + jZ 2 sind J 

where Z,„ = input impedance of half-wave balanc¬ 
ing line 

Z c = characteristic impedance of balancing 
line 

Z 2 = load impedance of the balun; equal to 
one-half balanced load 

After some arithmetical manipulation, which I'll 
explain in the appendix, and setting k = Z c /Z 2 , we 
obtain the ratio of input impedance to load impe¬ 
dance for the resistive (real) component: 

2m = _ k£ _ (2) 

Z c (h cos 6)2 + (sin 0)2 

Eq. 2 is plotted for various values of k over a range 
of 6 from 90 to 270 degrees; see fig. 3. This repre¬ 
sents a frequency range from one-half to one and 
one-half times the design frequency. The ordinate 
gives the input impedance in terms of the load 
impedance. 

As shown, the ordinate is matched (Z in = ZJ for 
all values of characteristic impedance only when 
k = 1, i.e., when the characteristic impedance 
equals the load impedance. If you stop and think 
about it, both these results should have been 
expected. 

For values of 0 = 90 and 270 degrees, the balanc- 


By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22071 


32 M September 1980 




fig. 1. Basic half-wave balun circuit using lengths of trans¬ 
mission line. 



ing line is an odd number of quarter-wavelengths; 
thus the balancing line inverts the load impedance 
about the characteristic impedance squared. For 
these line lengths, the ratio Z, n /Z 2 is equal to k 2 . 

Fig. 4 shows the reactive (imaginary) component 
of balancing line input impedance. In this case the 
reactance is zero for all frequencies only when 
k = l, again the matched case. 

The balun input impedance is, of course, the impe¬ 
dance given from figs. 3 and 4 in parallel with 
z i = ( z l/ 2 )- (This latter impedance has been 
assumed to be independent of frequency, but in the 
real world it may also vary with frequency.) 

balance bandwidth 

In addition to the impedance bandwidth, it's 
desirable to know balance bandwidth. Balance band¬ 
width means that the frequency range over which 
the currents through the two halves of the balanced 
load are equal in magnitude and opposite in phase 
with a specified tolerance. Following Woodward, 1 - 2 
we use as the criteria of balance: 


balance = 


(3) 


From fig. 2 current 7j is given by Current I 2 
is given in terms of the load resistance and character¬ 
istic impedance by the well-known transmission line 
equation 3 


eo = e2Cosd—jl2Z c sind 


(4) 


After arithmetical manipulations as shown in the 
appendix, we obtain: 


fromwhich | = |^|^±^±^|.j(6) 

where k = ~ as before. 
z 2 

After rationalizing, separating into real and im¬ 
aginary parts, and finding the magnitude (described 
in the appendix), a plot of this equation is given in 
fig. 5; the system is balanced when the plot equals 
zero. As can be seen, a perfect balance occurs only 
when 6 = 180 degrees as might be expected. The 
balance bandwidth improves for small values of 
k = Z c /Z 2 . Thus, for best balance bandwidth, the 
load impedance should be large compared with the 
balancing-line characteristic impedance. This is con¬ 
trary to impedance bandwidth considerations, in 
which the widest impedance bandwidth is obtained 
for the matched case. 



fig, 3. Input resistance of the half-wave balancing line as a 
function of line length for Various values of characteristic 
impedance. 


Increasing the load impedance to values greater 
than about ten times the characteristic impedance 
(k<0.1) gives little additional improvement in 
balance bandwidth. For small values of k, eq. 6 ap¬ 
proaches ( cos 0 + l)/(cos 0 -1), which is independent 
of A. 



fig. 2. Equivalent of half-wave balun shown In fig. 1. 


phase shift 

One final factor to consider is the change in phase 
with frequency caused by propagation delay through 
the balancing line. At the design frequency, the rela¬ 
tive phase at the output of the line is 180 degrees 
with respect to the input. This phase shift will vary di¬ 
rectly with frequency. Assuming that the amplitude 
(current or voltage) is constant with frequency, the 
phase change will cause reduction in the in-phase 
component (referenced to 180-degree phase-shift 
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from the balancing-cable input) and the generation 
of a quadrature component. 

The in-phase and quadrature components will be 
proportional to 

cos 0 (in-phase) and sin 0 (quadrature) (7) 

respectively, where 0 is the deviation from 180 
degrees with respect to the input. From eq. 7, it can 
be seen that a deviation of 26 degrees (14.5 per cent) 
of design frequency will cause a 1-dB reduction in 
output amplitude through one-half of the balanced 
load caused by phase change. Similarly, a 6.24 
degree deviation (3.4 per cent of design frequency) 
will cause a 1-dB quadrature component to be 
generated. 

The effect of the reduction in the in-phase compo¬ 
nent is an unbalance through one-half the load. The 
effect of the quadrature component will depend 
upon the balanced-load characteristics. If the bal¬ 
anced load is an antenna, two possibilities are a) gen¬ 
eration of unexpected side lobes, or b) generation of 
a circular component to the antenna response. 

In other situations the quadrature component may 
or may not be important. The effect of the quadra¬ 
ture component should be considered for each appli¬ 
cation. 

example 

A typical application of the half-wave balun is to 
couple a balanced folded dipole with a nominal impe¬ 
dance of 300 ohms to a 75-ohm coaxial cable. This 
represents a 4:1 impedance transformation. For con¬ 
venience, the same 75-ohm coax is generally also 
used for the balancing section. In this case, Z 2 = Z t 
= 150 ohms equals one-half the balanced load, so 
that with 75-ohm coax, k = 75/100 = 0.5. From the 


k = 0.5 curve, it can be seen that the frequency 
range is not particularly good — only about ±25 
degrees or about 12 per cent for an impedance 
change to the 70 per cent point. Use of higher-impe¬ 
dance coax for the balancing section would give a 
wider bandwidth. 

It can also be seen that the half-wave balun will 
give better performance when used to couple a cir¬ 
cuit to a higher impedance balanced load, such as a 
folded dipole, rather than to a lower impedance 
antenna, such as a Vagi antenna. 

conclusions 

I have discussed the performance of the half-wave 
coaxial balun. As often occurs in engineering prob¬ 
lems, the performance characteristics of a device can 
have very subtle implications, even when the device 
itself is extremely simple. It has been shown that the 
best impedance characteristic is obtained when the 
impedance of the balancing line is equal to one-half 
the balanced load impedance. On the other hand, the 
best balance versus frequency characteristic is 
obtained when the balanced load impedance is high 
compared with the balancing line impedance. There 
is no requirement that the characteristic impedance 
of the transmission line feeding the balun/load be the 
same as that of the balancing half-wave section. 

Whether or not the bandwidth limitations of the 
half-wave balun are the limiting factor in overall sys¬ 
tem performance depends on other factors. In partic¬ 
ular, if the balanced load is an antenna, as it often is, 
its performance may deteriorate faster than that of 
the balun so that it may be the limiting factor. 

Despite the bandwidth limitations described, I 
believe the half-wave balun will continue to be widely 
used because of its simplicity and economy. 



fig. 5. Balance ratio as a function of balancing-line electrical 
length. Perfect balance is obtained when the balance ratio 
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appendix 

Because manyof ham radio's readers are mathematically inclined. 
I'll present a brief derivation of the more important equations used 
in this article. 

Beginning with the basic transmission line equation, eq. 1, 
divide the numerator and denominator of the right-hand side by Z 2 ; 
also divide both sides of the equation by Z 2 . This gives: 

(A-1) 



l£’T 2 




Since we defined ^ = k 

Z 2 

Now rationalize eq. A-2. 



Rewrite eq. A-8 using the nomenclature of fig. 2: 


, _ _ Zl° _ 

2 Z 2 cos$ + jZ c sin 6 

The minus sign is obtained since I 2 of fig. 2 flows 
direction from I r . 


(A-9) 
the opposite 


Since* = f^, 


Separate eq. A-3 into real and imaginary parts: 


\-jnn9 ] 


h 


which is eq. 5 in text. 


Z 2 (cos 9 + J k sin 9) 


which is plotted in fig. 3. 

Note that when * = 1, the matched case, (real) is indepen¬ 
dent of 9 and equal to unity. 

For the imaginary part, 


Factoring, 


[ k 2 cos 9 sin 9—cos 9 sin 0 
(k cos 9) 2 + (sin9) 2 


] 


Current 7/ in fig. 2 is given by I, = ~ . But since Z, 
can write h = ^ - Hence the ratio | j 

is given by 





(A-10) 


Rationalize eq. A-10 and obtain 

, [(cos9 + 1) +jksin 9] l(cos 9-1)- 

l ra “°l - -^c5T9-l) 2 + (k sin 9)2 


-§jr (imag.) = * 


r (k 2 -1) cos 9 sin 9 1 
L (k cos B) 2 + (sin 9)2 J 


(A-S) 


which is plotted in fig. 4. 

In this case, when k = 1, the imag. part of j'”-, which represents 
the reactive component, is zero regardless of 9. 

To derive the balance equation, eq. 6, refer to fig. A-1. From 
fig. A-1, the well-known transmission line equation can be 
obtained: 3 


E = E, cos 9 + jl r Zpsin 9 (A-B) 

Eq. A-6 gives voltage at the input of the transmission line in terms 
of the load current and characteristic impedance of the line. 

As£ r = I, Z T , eq. A-6 can be rewritten as 

E = I, Z r cos 9 + jl r Z 0 sin 9 (A-7) 

Solving for I„ 


from which the real and imaginary parts are given by 


_ cos 2 9-l + (ksm9) 2 
Tea * (cos 9-1) 2 + (k sm 9)2 


(cos 9 -l) 2 + (k sin 9) 2 


The magnitude is given by the square root of the sum of the real 
and imaginary parts squared, or 


magnitude = V t c °* 2 9 A ll.L~ . (A-11) 

magnitude 9 - i) 2 + (k sin 9) 2 

This equation is plotted in fig. 5. It can be seen from eq. A-11 that 
when *£0.7, the magnitude approaches 


magnitude = 


(A-8) 


and is independent of A. 
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Yagi antenna design 

quads 

A discussion 
of the 
one wavelength 
in circumference loop 
including examination 
of gain and loop shape 


Up to this point in this series on Yagi antennas, 
we have considered only linear cylindrical elements 
about one-half wavelength long with a small diam¬ 
eter compared to wavelength; there is in common 
use, however, a radiating "element" consisting of a 
loop of wire about one wavelength in circumference. 
There are many such loop configurations: a triangu¬ 
lar loop (commonly known as a delta loop), a square 
loop with two sides parallel to the earth (known as 
the quad), and a square loop oriented so that two 
diagonal corners are perpendicular to the earth 
(known as a diamond loop). Loops can also be made 
that are not equilateral. Triangles can be isosceles or 
even with three different sides; four-sided loops can 
be rectangles, and, indeed, loops can have more 
than four sides or can even be round. 

The one-wavelength loop can be used either as a 
driven radiator or a parasite. To drive the loop it is 
opened at some point on its circumference where it is 
excited with a suitable voltage or current. As a para¬ 
site the loop is left closed; current will flow depend¬ 
ing upon the induced voltages from other loops or 
elements and the self-impedance of the loop. To help 
understand the behavior of these loops it is useful to 
model the loop in terms of dipole elements. 


and quagis 

Let's first consider a model for a square quad 
driven loop. The model starts with two driven half¬ 
wavelength dipoles in free space as shown in fig. 1. 
The dipoles are voltage driven at their centers (at xx 
and yy) and in this model are separated (vertically) by 
a quarter wavelength (\/4). If the excitation is equal 
at xx and^iy (the same voltage and phase), the dipole 
currents will also be equal and, therefore, the volt¬ 
ages at the ends of the dipoles will be equal. The 
outer X/8 sections of each dipole may now be bent 
as shown by the dotted line, forming a square. Since 
the voltages at dipole ends are still equal, the bent 
dipoles can be connected together without changing 
any currents in the square. 

Since for each dipole there is a unique relationship 
between voltage at its ends to current at its center, 
the end connection of both dipoles in the square con¬ 
figuration insures that the center dipole currents will 
be equal even though excitation voltages at xx and yy 
may be different! Indeed, we can remove voltage 
excitation at yy (shorting the terminals) and still be 
sure that whatever dipole currents flow from excita¬ 
tion at xx, they will be equal in the two dipoles. One 
can look at the excitation in this case as a dipole 
current feed atxx; the dipole centered at yy is voltage 
fed at its ends. Note that to realize the same loop cur¬ 
rent the sum of the voltages supplied to xx and yy 
must be constant. This leads to the well-known fact 
that the driving point impedance at xx and yy shorted 
will be just twice the impedance at xx when yy and xx 
are excited equally. 

Fig. 2 shows the square quad excited at the center 
of the bottom section and also shows the relative 
magnitudes and directions of the currents which 
flow. Note that the horizontal sections of the square 
show currents in the same direction as those of the 
original dipoles of fig. 1; therefore these sections will 
provide radiation fields at long distances; since they 
are shorter than the original half-wavelength dipoles. 


By James L. Lawson, W2PV, 2532 Troy Road, 
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_I_ ; i _1_ 

fig. 1. Diagram of two driven dipoles with \/4 vertical spac¬ 
ing. Bending the ends of the dipoles together, as shown by 
the dotted lines, forms the square quad loop. 


however, they require more current to produce a 
given radiation field, the radiation resistance will 
drop. Moreover, the directivity and gain of each seg¬ 
ment will be somewhat smaller than that of a full 
half-wavelength dipole. Both of these effects will be 
discussed shortly. 

The vertical portions of the square quad shown in 
fig. 2 are quite different. Note that for each of these 
vertical segments the top and bottom portions have 
identical currents but in opposite directions. This 
symmetry insures complete cancellation of the far 
(radiation) field, in other words, the vertical sections 
do not radiate; they simply act as a capacitive "top 
hat" loading (or tuning) for the horizontal radiating 
segments. Thus the radiating properties of the quad 
square of fig. 2 will be identical to the (capacity load¬ 
ed) resonant shortened or truncated horizontal seg¬ 
ments alone. These will, of course, produce only hor¬ 
izontally polarized radiation. 

Take another look at the two half-wavelength 
dipoles of fig. 1. The two (broadside) dipoles sepa¬ 
rated by a distance of \/4 will produce a gain in¬ 
crease over one dipole. This separation or stacking 
gain can be easily calculated by using known self and 
mutual impedances; the result is shown in table 1 
and also in fig. 3 where the overall gain in dBi is plot¬ 
ted against the separation, S, in units of wavelength, 
X. Note that the separation gain improvement peaks 
when S is about 3\/8, leading to the often-quoted 
(but generally incorrect for other than single ele¬ 
ments) "optimum stacking separation." 

Fig. 3 can be understood qualitatively by remem¬ 
bering that the effective capture cross section area 
for a single half-wavelength dipole is about 0.13\ 2 . 
Thus, when the separation between the dipoles is 
large enough, the capture areas are basically in¬ 
dependent (and thus additive), leading to an effec¬ 
tive gain improvement of a factor of 2 or 3 dB. For 
smaller separations, however, the capture areas 


overlap. In this overlap region both constructive and 
destructive interference can occur; for very small 
separations the combined capture areas reduce to 
that of a single dipole but for some intermediate 
regions (such as S = Sk/8) constructive interference 
occurs, making the gain improvement more than a 
factor of 2. This constructive interference is due to a 
favorable reduction in the driving point resistance of 
the dipole, which is a direct result of the behavior of 
the real part of the mutual impedance of the two 
dipoles. 

Another qualitative way of understanding this 
entire phenomenon is to view the (transmitting) 
dipoles as an excitation of a vertical aperture. Broad¬ 
ening this aperture by separating the dipoles is tanta¬ 
mount to narrowing the //-plane pattern, which will 
increase the gain. When the dipole separation 
becomes large enough, however, the quasi uniform 
illumination disappears and the vertical aperture acts 
like two independent (small) apertures giving rise to a 
diffraction pattern in the //-plane with maxima cor¬ 
responding to a gain improvement of exactly a factor 
of 2. In any case, the actual calculated values of gain 
are shown in table 1. Note that for the quarter-wave- 
length separation of fig. 1 the gain of the stacked 
dipoles is 3.236 dBi, or just 1.085 dB above that for a 
single half-wavelength dipole. This gain increase is all 
due to beam pattern narrowing in the //-plane; the 
E-plane pattern beamwidth remains the same as that 
for a single half-wavelength dipole. 

The square quad loop of fig. 2 is very similar to the 
stacked dipoles of fig. 1, but there are two signifi¬ 
cant changes. Because of the truncated or shortened 
elements, the driving-point impedances of the 
elements are reduced and the E-plane pattern width 
is somewhat increased, resulting in a somewhat 
reduced gain. To calculate these two results I will use 
the same method outlined by Kraus 1 (page 139-143). 


fig. 2. Outline of the square quad loop showing the current 
distribution in the horizontal and vertical members. Hori¬ 
zontal polarization results with the feedpoints as shown. 
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Kraus's calculation applies to a thin radiating element 
which is not capacitance loaded; to make the 
calculation apply to a single truncated element fed at 
the maximum current point, the limits of integration 
must be suitably altered; fig. 4 shows the essential 
geometry. 

The retarded value of the current at point * on the 
antenna referred to a point at distance, S, is 

, Mt-r) 

I = /„ [cos ^ •*] e (1) 

where the quantity in brackets is the form factor for 
the current on the antenna. Following the Kraus 
development, the antenna can be viewed as a string 
of infinitesimal dipoles of length dz. The far fields, 
dEg and dH$. at a distance, S, from an infinitesimal 
dipole, dz are 

dHt = jL mOdz (2) 

dEg = 120-fdHt (3) 

where <t> is the azimuth angle around the z axis. The 
total field from the entire antenna is then 


H t 


-i: 


— L/2 

From eq. 1, eq. 2, and eq. 4, 

n jwt r+L/2 

_ j /„ sin 6 e I j 2ic 

H * - 2X / X c< ” X • 2 * e 

J -L/2 


Note that 5 = r-zcosd (6) 

and also note that at long distances the amplitude of 
S is the same as the amplitude of r, so that we may 
write: 


H# = 




dz (7) 


Let /3 = co/c = 2w A; eq. 7 may be rewritten: 

ju,(t-^) r +L/2 

= J 0I °4 S ^ - ' e I * ^ ^ 'cos (0z) dz (8) 

J - L/2 

Since ^e ax 'cos (bx) dx = e»*[a cos (bx) +J sm (bx)) 
and if a = j /3 cos 8 and b - 0, then eq. 8 becomes: 

ju(t - y) 

n+ = i»lof^ (9) 


j cos 0*/3z 
J 2 (sin 2 6) bP 


+ L/2 

pz + fS-sinpz) 

- L/2 


Evaluating this expression at both limits and collect¬ 
ing terms: 


Htf, = 


>14! 

2vt 


•F(0) 


where [I 0 \ = l 0 t 
and F(6) = 

| COS (&Y‘COs0) 


iMt- I) 



(10) 

sinf-cos 6-si 



sind 


F(6) is often referred to as the field pattern factor. 
Thus the far fields of the truncated element can be 
written: 


and JEg = 7 — r t/al • F(d) 


(11) 

( 12 ) 


Note that if there is no truncation (L = h) eq. 10 


reduces to the v 
dipole: 


ll-known expression for a X/2 

cos (-f • cos 6) 


Kraus has shown that the self-radiation resistance, 
Rn, of such a linear element can be computed by 
equating the integral of the Poynting vector over a 
large sphere (total power radiated) to the driving 
point (current maximum) total power supplied. The 
result is (see Kraus, 1 5-90, page 143): 



For the truncated element it is now a simple matter to 
insert the value of F(6) from eq. 10 into eq. 14 and 
integrate. The integration is quite easily done numeri¬ 
cally with a simple computer program. The result of 
such an integration is shown in table 2 where the 
radiation resistance of a truncated dipole element of 
length L (in terms of wavelength \) is shown. 

The directivity or gain can also be easily comput¬ 
ed. Once F(6) is given, the directivity is simply the 
ratio of the maximum value of F 2 (9) to the average 
value of F^fd) over the entire 4ir solid angle. That is, 
the directivity D is: 


F 2 (d) sin Odd 
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fig. 3. "Stacking" gain vs separation for two side-by-side 
dipoles. 

The calculated directivity, D, and the related gain, 
expressed in dBi, are also listed in table 2. 

Note that for small truncations where L is only 
slightly shorter than X/2 there is not much reduction 
in self-radiation resistance and not much reduction in 
directivity; this is to be expected because the small 
ends of the dipole which are truncated carry little cur¬ 
rent, so do not contribute greatly to element perfor¬ 
mance. For heavy truncation, however, both self¬ 
radiation resistance and directivity decrease 
significantly; the limiting case where the length goes 
to zero is the well-known infinitesimal dipole whose 
directivity is just 1.500 and gain is 1.761 dBi. 

To compute the driving-point resistance of the full 
quad square loop it is necessary to know the mutual 
resistance between two (truncated) elements sepa¬ 
rated by \/4 . From quite fundamental considerations 
Hurwitz 2 has shown a mathematical expression for 
the real part of the complex mutual impedance 
between two elements, R 2t \ 

R 2I = 6oJ^ P(6)'sin d‘J„ (BS’sm d)dd (17) 

where F(0) is the pattern function and J„ is the Bessel 
function whose argument is the product of element 
separation S and 6. If S is measured in units of 
X the argument is simply (2*S>sin 0). Note that for 
very small separations J„ approaches unity; for very 
close separations R 2t -Rn • 

Shown in table 3 are values of mutual resistance 
vs separation (X) of truncated elements. Note that 
the mutual resistance behaves very similarly to the 
values for full half-wavelength dipoles 3 but the 
magnitudes are much smaller; a careful comparison 
shows that the reduction factor varies somewhat 
with separation. 

The properties of the square quad loop can now be 
computed. Table 2 shows that the gain of a single 
(truncated) \/4 element is 1.922 dBi and that 


Rji = 38.547 ohms. For the full quad loop of fig. 2 
there are two "elements;" if they are both equally 
driven, they will produce the same far-field strength 
and power density as a single driven "element" 
carrying twice the current. However, the driving- 
point resistance of each one of the driven elements, 
when both elements are equally excited, is R n + R I2 . 
Therefore, total input power (both elements) is; 

W 2 = 2'12(R,, + R I2 ) (18) 

While for the single element alone (same far field) is: 

W, = (21)2.R n (19) 

If the directivity of a single element is designated as 
Di and the directivity of the full quad loop as D 2 , then 

D 2 = D, ^ = 2D 1 /(1+R 12 /R 11 ) 

From tables 2 and 3 values for the square quad loop 
are: R 2 = 38.547 ohms; R 2 = 21.729 ohms; D 2 /Dj 
becomes 1.279 or 1.069 dB. Note that this stacking 
gain of the two truncated elements is nearly identical 
to the stacking gain of half-wavelength dipoles at a 
separation of \/4 (1.085 dB, see table 1); the differ¬ 
ence is due only to the details of mutual resistance. 
The driving-point resistance, R, of the total loop, of 
course, is twice the value for a single element (when 
both are driven); 

R = 2(R u + R i2 ) = 120.6 ohms (21) 

Since D 2 (see table 2) is 1.557, 

D 2 = 1.991 and (22) 

Gain = 2.992 dBi (23) 

These properties of the square quad loop have 
been obtained rather rigorously; the main assump¬ 
tion in the model is total neglect of far-field radiation 
from the vertical sections, which are assumed to act 
as capacitance sinks for the current at the ends of the 
horizontal radiating segments. Moreover, the 
assumption is made that the current distribution on 


fig. 4. Current relationships for the symmetrical, thin 
center-fed truncated antenna of length L. This is the rela¬ 
tionship necessary to determine driving-point impedance 
and H- and E-plana patterns of the square quad loop. 



40 Q September 1980 




fig. 5. Exampla of a square loop with the excitation applied 
at one of three different places. 


the horizontal segments is strictly sinusoidal; this is 
valid for very thin elements. Most quad loops are 
built with wire, which is thin compared to a wave¬ 
length, so one can be quite confident of the model. 

It is now easy to understand qualitatively the radia¬ 
tion pattern of the loop. The //-plane profile does 
narrow, compared with a single linear element, 
because of the "illumination" of a wider vertical 
aperture; quantitatively, this profile narrowing is 
almost the same for truncated quad "elements" and 
the equivalently separated half-wavelength dipoles. 
The E-plane profile, however, is not as narrow for the 
truncated element as for a half-wavelength dipole; 
this factor accounts for the somewhat reduced direc¬ 
tivity (see table 2). The loss in gain is about 0.23 dB 
for the \/4 truncated element. 

other driven loops 

Before I consider a multiloop quad system I will 
briefly discuss other forms of driven loops. First, I will 
determine the performance of the square quad loop 
when it is driven or excited at a point other than the 
center of the bottom segment. Fig. 5 shows the 
square loop with three different feed points: the 
center of the bottom leg xx, the center of the right 
vertical leg yy, and at an arbitrary point, zz, placed at 
a counter-clockwise distance d (from xx) around the 
loop. It has already been shown that if excitation is 
applied at xx (with yy and zz shorted), the loop will 
produce a totally horizontally polarized far field; its 
gain is 2.992 dBi. Similarly, if excitation is applied at 
yy (with xx and zz shorted), only vertically polarized 
far-field radiation will occur; gain is again just 2.992 
dBi. Note that excitation at xx and yy are basically 
independent, i.e., unit current flow due to excitation 
at xx has a null current at^ and vice versa. 

If we now excite the loop at zz with the same unit 
current, I 0 cos cot, it is easy to see that current flow at 
xx is just /„ cos (fid) cos a>t and at yy is I 0 sin (fid) cos 
wt. These currents will produce orthogonal far fields 
which must be added vectorially to obtain the total 
far field; the total far field has exactly the same mag¬ 


nitude as that which is produced by the same unit 
current at xx alone. In other words, the square loop 
gain and drive-point resistance are totally independ¬ 
ent of the feed point; only the polarization changes 
(from totally horizontal if the feed is at xx to totally 
vertical if the feed is at yy). This simple theorem can 
be easily proved by the same type of argument for 
any equilateral one-wavelength loop. 

It is now interesting to consider moving the feed- 
point zz to the lower right-hand corner of the square 
loop. Since we are considering free space loop gain 
for which rotation is unimportant, it is clear that this 
configuration produces exactly the same result as the 
familiar square diamond loop fed at the bottom or 
top corner. Thus we now know that the quad square 
and the diamond square have exactly the same gain 
and exactly the same drive-point resistance. Similar¬ 
ly, the gain and drive-point resistance of any equilat¬ 
eral (one-wavelength) loop is totally independent of 
the position of the drive point on the loop. 

I shall now return to the horizontally polarized 
square of fig. 2. We have shown that a square loop 
(relative to a half-wave dipole) has a somewhat en¬ 
hanced gain ( + 0.84 dB), made up of an increase 
(+1.07 dB) due to the vertical separation of the radi¬ 
ating segments (//-plane narrowed somewhat) and a 
decrease (— 0.23 dB) due to the shortened or trun¬ 
cated radiating segments (E-plane broadening). Let's 
now explore the performance of a rectangular one- 
wavelength loop; fig. 6 shows some examples. 

Rectangle A is a wide but low loop which is recog¬ 
nized as a folded dipole loop; B is a narrower and 
higher loop than the square, and C is a high but very 
narrow loop. For all of these loops the sum of the 
width, W, and height, H, measured in wavelengths is 
constrained to be just 0.5. We are now in a position 



tions. In each case the feed point is located for horizontally 
polarized radiation. 
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table 1. Stacked half-wavelength dipoles showing gain vs. 
dipole separation. 


separation 

SIX) 


gain stacking gain 

(dBi) IdB) 


0.000 2.151 0.000 

0.125 2.425 0.274 

0.250 3.236 1.085 

0.375 4.514 2.363 

0.500 5.978 3.827 

0.626 6.938 4.787 

0.750 6.758 4.607 

0.875 5.831 3.680 

1.000 4.929 2.778 

1.250 4.373 2.222 

1.500 5.275 3.124 

1.750 5.844 3.693 

2.000 5.097 2.946 


to compute loop performance. Table 4 shows the 
results of calculations for rectangular loops by the 
same methods as used for the square. D 2 /D 2 is the 
//-plane directivity increase due to the vertical 
separation of radiating segments (see eq. 20), while 
Dj is the directivity of a single horizontal radiating 
segment (see table 1). R is the loop driving point 
resistance (see eq. 22). Note that the limiting case of 
the folded dipole (W = 0.5, H = 0) shows a gain of 
2.151 dBi (identical to a single half-wave dipole) and 
a driving-point resistance of 292.5 ohms (just four 
times that of a single half-wave dipole). Since reac¬ 
tance effects of the full loop are double that of a 
single "element," the Qof the folded dipole will be 
just one-half the Q of a single half-wave dipole, 
leading automatically to a bandwidth twice as large. 
As one reduces the loop width from this limiting case 
the gain increases monotonically. However, this 
favorable increase in gain is automatically accom¬ 
panied by a significant reduction in driving point 
resistance; since reactance effects are essentially 
identical for all loops, the circuit Q. increases com- 
mensurately. Thus the potential gain obtainable from 
high narrow loops is always offset by unfavorably 
high values of Q and corresponding narrow band- 
widths! 


table 2. Self-resistance and gain for one truncated element. 


element 

length R n 

(X) (ohms) 

0.05 1.955 

0.10 7.590 

0.15 16.255 

0.20 26.966 

0.25 38.547 

0.30 49.780 

0.35 59.562 

0.40 67.023 

0.45 71.612 

0.50 73.130 


directivity gain dBi 

1.502 1.768 

1.510 1.789 

1.522 1.823 

1.537 1.868 

1.557 1.922 

1.578 1.980 

1.599 2.040 

1.619 2.094 

1.635 2.134 

1.641 2.151 


Let us now consider other loop shapes. For equi¬ 
lateral shapes, we have already seen that gain and 
driving-point resistance are independent of feed- 
point resistance on the loop. Moreover, a reasonably 
rigorous solution has been obtained for a square 
loop. Because of the independence of properties on 
feed-point position, which is equivalent to inde¬ 
pendence on loop rotation with feed point fixed at 
the bottom, it seems reasonable to assume that gain 
from all equilateral loops is approximately equal to 
that of a circular loop having the same enclosed area. 
This in turn can be equated to an equivalent square 
of the same area. Such an intuitive model, together 
with a model of how .E-plane directivity varies with 
element length (see table 2) and how H-plane direc¬ 
tivity varies with element separation (see table 1), 
allows a reasonable estimate of equilateral loop gain. 
Table 5 lists these values for several equilateral 
loops. The values for the square are the ones already 
computed (see table 4)1; all others are estimated by 


table 3. Mutual resistance, R I2 , for X/4 truncated elements 
vs. separation in X. 


separation mutual 

(X) resistance (ohms) 
0.00 38.547 

0.05 37.782 

0.10 35.536 

0.15 31.951 

0.20 27.251 

0.25 21.729 

0.30 15.721 

0.35 9.589 

0.40 3.686 

0.45 -1.659 

0.50 -6.170 

0.55 - 9.636 

0.60 -11.930 

0.65 -13.010 

0.70 -12.919 

0.75 -11.780 


separation mutual 

(X) resistance (ohms) 
0.80 - 9.783 

0.85 -7.165 

0.90 -4.194 

0.95 -1.142 

1.00 1.730 

1.10 6.083 

1.20 7.713 

1.30 6.481 

1.40 3.190 

1.50 - 0.787 

1.60 - 4.008 

1.70 - 5.450 

1.80 - 4.806 

1.90 -2.518 

2.00 0.446 


this simple model. It is quite easy to see that the 
popular triangle or delta loop is slightly lower in gain 
(by 0.3 dB) than the square (quad or diamond) and 
that the loop with the highest gain is a circle. 
However, note that the gain of the circular loop is 
estimated as 3.28 dBi which is 1.13 dB larger than 
that of a half-wave dipole. This is not quite as large 
an increase as the approximately 2 dB which was 
quoted by Lindsay, 4 but I believe this discrepancy is 
probably not outside of the experimental accuracy 
range of Lindsay's measurements combined with the 
estimation accuracy range of the simple model I have 
used. 

I shall now consider a multiloop square quad array 
where not only driven elements but parasitic loops as 
well are used. From what we have just seen, the 
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table 4. Properties of the rectangular loop. 


width 

w(X) 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 


height 

H(X) 

0.45 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

0.0 


D, 

1.502 

1.510 

1.522 

1.537 

1.557 

1.578 

1.589 

1.619 

1.635 

1.641 


D 2 /D, 

2.073 

1.815 

1.596 

1.419 

1.279 

1.172 

1.084 

1.041 

1.010 

1.000 


3.114 

2.741 

2.430 

2.181 

1.991 

1.850 

1.750 

1.686 

1.652 

1.641 


gain 

dBi 

4.933 

4.379 

3.856 

3.386 

2.990 

2.672 

2.430 

2.267 

2.179 

2.151 


R 

3.77 

16.7 

40.8 
76.0 

120.5 

169.8 
217.7 

257.5 

283.6 
292.5 


quad array should behave just about like an equiva¬ 
lent stacked Yagi array separated (vertically) by 0.25k 
and having elements bent together to form the indi¬ 
vidual square quad loops. However, to proceed with 
a computation of the properties of the parasitic quad 
array, we must know all complex self and mutual 
impedances of the truncated elements. Up to this 
point it has been possible to rather rigorously 
describe the properties of a driven loop because only 
the real part of self and mutual impedances were 
required to obtain gain, driving-point resistance, and 
pattern information (both in the £- and //-planes). 

When parasitic elements are involved, the imagi¬ 
nary impedance terms are required. Computation of 
the imaginary impedances is a non-trivial exercise, 
and I am unaware of any rigorous procedure for 
carrying out such a calculation for truncated ele¬ 
ments. As far as self-impedance is concerned, the 
reactive or imaginary value is controlled entirely by 
the "tuning" of the loop; that is, the relationship of 
wavelength to loop circumference and the effective 
loop Q. The complex impedance has been calculated 
for a linear nearly half-wave thin cylindrical element. 5 
The method involves treating the metallic cylinder as 
a boundary-value problem (tangential components of 
electric field are made to vanish at every point on the 
conductor surface), from which an integral equation 
is derived. Approximate solutions of this integral 
equation yield the current distribution on the cylindri¬ 
cal element from which the input impedance, includ¬ 
ing the imaginary component, was derived. 

I have been unable to find an equivalent rigorous 
boundary-value calculation for the square quad loop; 
thus we do not yet have the basis for calculating the 
precise reactance for a nearly one-wavelength square 
loop. However, it is possible to at least estimate the 
loop d (but not its precise resonant frequency) by re¬ 
membering that reactance changes with frequency 
are due to the effective inductance and capacitance 
of the antenna; that is, near-field stored energies, 
whereas the resistance (radiation) has to do with far 


field. Truncating the half-wave dipole changes the 
geometry of the element but hardly affects its (cen¬ 
tral) inductance or (end) capacitance. It would be 
reasonable, therefore, to assume the quad loop con¬ 
tains essentially the same total reactive impedance 
changes as two half-wave dipoles. Thus, following 
the argument made in a previous article, 3 we may 
write for the loop self-impedance: 

Z„ = R,,+jXj, = Rjj [l+j*2(l(F/FR-l)) (24) 

but (empirically) 

RnQ.= (430.3 logioK - 320) (25) 

so that 

l u = 120.3 +j (860.6 logioK-640) (F/FR-1) ohms (26) 


As in the previous article, F is the normalized fre¬ 
quency and FR the normalized resonant frequency of 
the loop. Loop Q_ is readily estimated from eqs. 25 
and 21. The only remaining problem is a determina¬ 
tion of FR. Although there is no rigorous way of cal¬ 
culating FR from basic principles, it is significant to 
note that the region where the ends of the two 
dipoles are joined must have electric (capacitive) 
fields at right angles to the conducting cylindrical ele¬ 
ment, exactly like those of an infinitely long straight 
cylinder near a voltage loop. This observation implies 
that there should be a negligible "end effect" at the 
capacitive voltage loop, and, therefore, FR should be 
very close to the frequency at which the total loop 
circumference is just one wavelength. 

When we consider the imaginary part of the 
mutual impedance between loop halves or "ele¬ 
ments," another computational complication arises. 
At long distances or separations, the imaginary 
mutual reactance, X 2 j, must be (except for a phase 
shift! simply related to the real part, R 2 j, and this 
relationship should be unaffected by the precise 
"tuning" of the "elements." However, at very small 
separations X 2 i must approximate the value of X tI , 
which is fundamentally fixed by circuit Q. and reso¬ 
nant frequency and not at all by Rn. How to correct¬ 
ly represent X 21 at all intermediate spacings has not, 
to my knowledge, been solved quantitatively. For 
this reason I will model the quad array first as the 
equivalent Yagi array stacked at a spacing of X// 
then, second, apply necessary corrections to direc- 


table 5. Estimated equilateral loop properties. 


equilateral 

loop 

triangle 3 

square 4 

pentagon 5 

hexagon 6 

octagon 8 


equivalent 

side (XI 
0.219 
0.250 
0.262 
0.269 
0.275 
0.282 


D, Dj/D, D 2 

1.545 1.205 1.862 

1.557 1.279 1.991 

1.562 1.309 2.044 

1.565 1.324 2.071 

1.567 1.338 2.097 

1.570 1.356 2.129 


gain R 
dBi ohms 
2.70 104.7 

2.99 120.5 

3.10 126.4 

3.16 129.3 

3.22 132.0 

3.28 135.3 
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fig. 7. Representative examples of stacking gain for 2. 3. 6, 
and 7-element Yagis vs the stacking separation. 


tivity and gain. Compared with stacked (X/2 element) 
Yagis, the square quad will have 0.23 dB less direc¬ 
tivity and gain (all due to .E-plane pattern broad¬ 
ening). 

It is interesting to calculate the free-space "stack¬ 
ing gain" of Yagis as a function of vertical separa¬ 
tion. I chose as representative boom lengths and 
number of elements the following simplistic Yagis, 
which were found to have excellent free-space prop¬ 
erties: 6 a two-element beam on a 0.15-X boom, a 
three-element beam on a 0.25-\ boom, a six-element 
beam on a 0.75-X boom, and a seven-element beam 
on a 1.2i-\ boom. Table 6 lists characteristics of 
these beams. 

Fig. 7 shows the computed gains of these stacked 
configurations as a function of the stacking separa¬ 
tion, S, in units of X. Note that the rise in gain due to 
S is somewhat different for each case and also some¬ 
what different than the case for dipoles shown in fig. 
3. Two things seem to be occurring as 5 is increased. 
For small separations, the capture area of one Yagi 
essentially overlaps that of the other Yagi; therefore, 
the total capture area for both is essentially the same 
as for one alone. As S increases, the total capture 
area increases and ultimately doubles if S is large 
enough. For the larger Yagis (where the original cap- 


tabla 6. Characteristics of representative beams. Radius of 
all elements = 0.0006280X. 


number length (X) 
elements reel driven 

2 .4937 .4705 

3 .4980 .4896 

6 ,4853 .4803 

7 .4936 .4762 


boom element 
length spacing fig. 7 
(X) (XI curve 

0.15 0.150 2 

0.25 0.125 3 

0.75 0.150 6 

1.25 0.208 7 


ture area for one Yagi is large), it is easy to see that to 
realize a given separation, gain S must be relatively 
larger than for a small Yagi or especially a dipole. In 
other words, the transition from the gain of one large 
Yagi to the doubling of gain (3-dB increase) for two 
large Yagis requires a larger separation than is re¬ 
quired for smaller Yagis. In addition to this rather 
gradual gain increase due to separation of capture 
areas, fig. 7 suggests that the constructive interfer¬ 
ence due to mutual impedances noticed for the di¬ 
poles in fig. 3 also persists in stacked Yagis. An in¬ 
crease in gain is noticeable at 5 = 0.6 and also at 
1.6. Qualitatively, fig. 7 shows a combination of 
these two effects; first, the constructive impedance 
gain increases at particular separations and second, 
the capture area separation gain increase which 
takes place more slowly with large Yagis. 

It is interesting to compare the computed gain 
increase of the seven-element beam with the experi¬ 
mental values reported by Viezbicke? in his fig. 11A. 
Table 7 shows a comparison of my computed results 
with Viezbicke's published experimental values. The 
comparison is not totally valid because Viezbicke's 
seven-element beam is not the same beam I have 


table 7. Stacking gain (dB) of seven-element beams. 


spacing (Viezbicke) computed 
S (X) 7 element 7 element 

0.38 0.80 1.3 

0.57 1.58 2.15 

0.78 1.36 1.8 

0.99 1.90 2.35 

1.20 2.34 3.0 

1.40 2.53 3.25 

1.61 1.93 3.3 


used in fig. 7. The differences cannot be quantified, 
since Viezbicke failed to include specifications for his 
seven-element beam. Nevertheless, table 7 shows 
good qualitative agreement and even fair quantitative 
agreement (close to Viezbicke's stated experimental 
accuracy of 0.5 dB). 

Computations represented by the data shown in 
fig. 7 cannot really be carried down to very small 
separations with any confidence because the mathe¬ 
matical model uses mutual impedances of full X/2 
elements. When reactive parasites get very close to¬ 
gether their mutual impedance has an imaginary 
value quite different from that of X/2 dipoles. 

I shall now examine the stacking gain increases for 
a separation of \/4. Table 8 shows these 
increases for the four computed cases (dipole 
data from fig. 3). Note that the \/4 stacking gain 
for very large Yagis is not as large as that for dipoles; 
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this can easily be understood because of the (rela¬ 
tively) smaller increase in capture area. One might 
expect this gain increase to fall monotonically from 
the value of 1.09 dB (for dipoles) as the array length 
is increased, however, table 8 shows the actual 
increase to vary somewhat due to the detailed way in 
which impedances vary. 

We are now in a position to estimate the perform¬ 
ance of a quad array. If instead of the dipole ele¬ 
ments of the stacked ( \/4 ) Yagi arrays I use (bent) 
elements connected in square loops, I will make a 
quad array in which all conditions remain about the 
same except that the £-plane pattern is broadened 
and the gain is correspondingly reduced due to the 
truncated "elements." The gain performance of the 
quad array is therefore about 0.23 dB lower than the 
stacked \/4 Yagis. These estimations are also shown 
in table 8. 

table 8. Quarter wavelength stacking gain for Yagis and 
estimated quad/single Yagi gain. 


1. A single (driven) loop will provide a free-space gain 
somewhat larger than that of a half-wave dipole. The 
gain increase comes about through a narrower 
H-plane pattern and a slightly broader £-plane 
pattern. 

2. Loop gain varies significantly with shape. For rec¬ 
tangular loops fed in the center of the lower horizon¬ 
tal segment, gain depends on the ratio of height, H 
to width, W, varying from 2.15 dBi (equal to a half¬ 
wave dipole) if H/W = 0 to about 5 dBi (3.8 dB 
above a half-wave dipole) as ///W approaches zero. 

3. For equilateral loops, gain depends only on the 
number of sides (see table 5). For the square loop, 
the free-space gain calculated rather rigorously is 
2.99 dBi and driving-point resistance is 120 ohms. It 
is significant that these properties of the square loop 
are totally independent of the feed point on the 
square. As an example, the gain and drive-point 
resistance for a quad square is exactly the same as 
that of the diamond square. 


length IX) 

0.0 

0.15 

0.25 

0.75 

1.25 


Yagi 

S = X/4 stacking 
gain (dB) 

1.09 


quad/single Yagi 


difference (dB) 
0.86 


1.38 1.15 

0.84 0.61 

0.65 0.42 


It must be evident by now that a square quad array 
is very much like an equivalent Yagi. Its overall gain is 
expected to be somewhat higher than the Yagi 
because of individual loop gain, but not by very 
much. £-plane pattern is slightly broader due to the 
current distribution on the truncated "elements," 
whereas H-plane pattern is slightly narrower due to 
the "stacking gain" of the loops. Because of this 
similarity of Yagi and quad arrays, it is plausible that 
one can intermix quad loops and Yagi elements to 
provide a hybrid structure of roughly equal perform¬ 
ance. Such a hybrid is known as a "quagi;" if prop¬ 
erly constructed, it should provide a pattern and gain 
intermediate between a similar quad and a similar 
Yagi. There are obviously an enormous variety of 
possible quagi configurations; there will remain for 
some time a challenge to the quagi designer to deter¬ 
mine preferred configurations and best dimensions 
for all radiating elements. 


4. The free-space gain of a quad array is estimated to 
be somewhat higher than that of an equivalent 
(single) Yagi. Calculations show this difference 
depends somewhat on the particular array (see table 
8), but ranges from about 1 dB for short arrays to less 
than 0.5 dB for long arrays. 

5. Quagi configurations are expected to show per¬ 
formance figures between those of an equivalent 
Yagi and equivalent quad. 

6. A rigorous theory does not yet exist for self and 
mutual quad loop reactances. Consequently, quad 
(and quagi) parasitic loops must be experimentally 
adjusted for correct resonant frequency. It is unlikely 
that such experimental adjustments can be made 
with the same precision and confidence that Yagi 
element lengths can now be specified by present 
theory. Therefore, the slight gain advantage of the 
quad over the Yagi shown in table 8 may well disap¬ 
pear in practice. 
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I navigational aid 

for small-boat 
operators 


An idea 
for approaching 
harbor entrances 
using two simple 
beacon transmitters 
and a harmonic 
phase detector 

Many small-boat operators have probably wished 
for a simple navigational aid during fog, darkness, or 
other hazards. The system suggested here provides 
guidance between two simple low-powered transmit¬ 
ters, which may be located on opposite sides of a 
channel, breakwater entrance, or even on a wharf 
that may be the goal of the boat. It's a sort of 
SHORAN system, with simplifications, which should 
put it well within the technical ability, as well as the 
pocketbook, of the average Amateur. 

theory 

Consider fig. 1, which shows points A and B, rep¬ 
resenting the location of two transmitters, which 
may be battery powered and in the milliwatt range. 
Our boat is located at point C, and our aim is to guide 
the boat between points A and B using signals trans¬ 
mitted from these two points. Transmitters at A and 


B operate on closely chosen radio frequencies, 
which differ by some arbitrary audio frequency, per¬ 
haps several hundred to one thousand Hz. The fre¬ 
quency separation is well within the passband of a 
receiver located on the boat at point C. Receiver out¬ 
put, therefore, is the beat frequency caused by this 
difference in the transmitted frequencies. 

If now, the boat maneuvers so that the path length 
between it and the higher-frequency transmitter 
becomes relatively shorter than the path to the 
lower-frequency transmitter, the phase of the re¬ 
ceived beat frequency signal will advance. This effect 
may be generalized by stating that the received beat 
frequency is phase-variant with the position of point 
C, the point of reception. 

analysis 

A number of paths exist along which the receiving 
point, C, can move without changing the phase of 
the beat note. These paths are a family of hyper¬ 
bolas, all of-which pass between A and B. On the line 
AB, they will be a half-wavelength apart, but as they 
appear further from line AB, they separate. This, in 
effect will "funnel" the boat between the two target 
points. The number of these paths will be a function 
of the separation between A and B in wavelengths 
(fig. 2). 

To use this phase-variant characteristic of the beat 
frequency, a reference signal is needed with which 
the beat frequency can be compared. The generation 
and transmission of this signal is a relatively simple 
process, for which two alternatives exist. 

reference signal 

In the antenna feedline of either transmitter, we 
can insert a directional coupler. While signals from 
the local transmitter are being radiated from this 
antenna, signals from the other transmitter will be 
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fig. 1. Example of a typical navigational problem. Beacon 
transmitters are at points A and B at a harbor entrance. Gui¬ 
dance may be provided to a small boat entering the channel 
using the Idea in the text. 


picked up. The directivity of this coupler is used to 
reduce the local signal, while accepting as much as 
possible of the received signal from the other trans¬ 
mitter. 

When detected, a beat note is produced, which is 
the same frequency as that received at point C, but 
which is completely independent of the position of 
point C. In other words, here is our reference signal. 

It could be transmitted to point C by using it to 
modulate a transmitter operating on a third frequen¬ 
cy, but this would require a considerable amount of 
additional equipment both on shore as well as on the 
boat. Instead, we can double the beat frequency 
thus produced and use it to amplitude-modulate that 
transmitter, to a modest percentage, probably below 
50 per cent, to avoid distortion. Appropriate filtering 
built into the modulator system will remove the fun¬ 
damental. 

The second alternative would be to divide the beat 
frequency by two, and with appropriate filtering, as 
before, use it to modulate that transmitter. Frequen¬ 
cy division by digital methods should produce a sym¬ 
metrical square wave, which would contain, theoreti- 


fig. 2. Geometry of equi-phese peths between points A and 
B of fig. 1. In this example AB = 4 wavelengths. Paths 
above AB line are the mirror image of those below. 


cally, no trace of its second harmonic, which of 
course is the beat-note fundamental. 

This square wave would have to be reduced to a 
sine wave by some means, such as a low-pass filter 
to remove harmonics. A square wave contains only 
odd harmonics, so this doesn't appear too difficult 
for several stages of RC feedback filtering with a mul¬ 
tiple op-amp. 
phase detector 

Now let us move to the boat, at point C. Its receiv¬ 
er will be producing two audio frequencies, having a 
2:1 frequency relationship, one of which is phase- 
variant with the boat's position. This audio-frequen¬ 
cy signal is now fed into a harmonic phase detector, 
fig. 3, which responds to two such harmonically 
related signals, giving 1) a balanced zero voltage 
when both signals cross the zero axis simultaneous¬ 
ly, and 2) a positive or negative voltage, according to 
which signal crosses the zero axis before the other 
(reference 1). 

The differential voltage produced by the phase 



fig. 3. Harmonic phase detector produces a differential Volt¬ 
age that can be used to drive a zero-center meter that will 
deviate from center in accordance with the boat's deviation 
from one of the squi-phase paths in fig. 2. 


detector is easily amplified to drive a zero-center 
meter, which will deviate from center in accordance 
with the boat's deviation from one of the equi-phase 
paths. 

some final thoughts 

I suspect that such a system might operate, for 
example, in one of the 20-kHz slots that appear in the 
CB spectrum. This would reduce the acqusition of 
new equipment by the average boat enthusiast to a 
bare minimum. If he stayed too late at the fishing 
grounds, he could call the operator of the marina 
where he keeps his craft and ask him to set the bea¬ 
cons out by the entrance through the breakwater. 
The marina operator should enhance his popularity 
by doing so, not only with his own customers, but 
with the boating fraternity in general. 
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optimum pi-network design 


Methods for optimizing 
bandwidth without using 
the Q factor— 
design parameters 
and examples 
are given for 
this useful circuit 

The familiar pi network shown in fig. 1 is both a 
lowpass filter and a simple impedance-matching net¬ 
work. Stray reactances at source or load may be 
compensated for by capacitor adjustment. Tradi¬ 
tional design methods have used a Q_ factor to 
choose correct component values. This article pre¬ 
sents design methods for optimizing bandwidth with¬ 
out using the Q factor. 

The main function of the pi network is to provide a 
resistive match of source resistance, Rl, with a load 
resistance, R2. An infinite number of component 
possibilities are available; two examples are shown in 
fig. 2. 


This article was rewritten by Leonard H. Anderson, who is a 
member of the technical staff of Rocketdyne division of Rockwell 
International, Inc., and is well known for his contributions to ham 
radio in the Digital Techniques series. The ham radio staff 
expresses its thanks to Mr. Anderson for his help in interpreting this 
difficult subject. 


impedance trans¬ 
formation diagrams 

Fig. 2 is useful for any simple network. Each resis¬ 
tance circle represents the series-form impedance of 
the parallel combination of end resistance with shunt 
reactance. This chart is used in the following 
manner; 

1. Calculate series form R +jX of one end, including 
the shunt reactance. 

2. Find the intersection on the resistance circle for 
both R and X. 

3. Move vertically from this intersection to intercept 
the other resistance circle. 



fig. 1. Classic pi network. Circuit is both a lowpass filter and 
impedance-matching device. Its main function is to provide 
a resistive match of source resistance, Rl, With a load resis¬ 
tance. R2. 


4. Measure the length of the vertical movement; this 
total reactance is the series-arm value. 

5. Determine the reactance at the second intersec¬ 
tion as measured from the zero reactance point (ft 
axis passing through reactance axis). 

0. Take the opposite reactance sign and calculate the 
new combination of parallel resistance and reac¬ 
tance. 

The pi network first intersections are shown for the 
series impedance of Rl and Cl. Total vertical move¬ 
ment is the reactance of series inductor L. The 
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second intersections on the R2 circle represent the 
impedance presented to the inductor and Rl, Cl. To 
obtain a resistive match, the second intersections 
must be changed from a positive reactance to nega¬ 
tive; this conjugate operation moves the Z 2 intersec¬ 
tion to the R axis. 

As long as each set of intersections falls on each 
resistance circle, any component combination will 
yield a perfect impedance match. One particular 
combination will give the widest bandwidth, and 
some network synthesis techniques can be used to 
find that combination. 

image impedances 



fig. 3. Pi-equivalent circuit composed of pure reactance and 
tuscaptancas. Theta parameters at any frequency are de¬ 
rived in the text. 


The image impedance of a network is the square 
root of the product of one input impedance with the 
other end open and the same input impedance with 



fig. 2, Impedance-transformation diagram. Each resistance 
circle represents the series-form Impedance of the parallel 
combination of and resistance with shunt reactance. 


the other end shorted. An image impedance is not 
the parameter for direct design but a mathematical 
tool for achieving the final solution. 

The open/shorted opposite-end technique is used 
in microwave measurements where it's difficult to 
obtain a pure resistance. 1 At one particular frequen¬ 
cy the image impedance will represent the actual 
input impedance when the opposite end is loaded 
with a resistance. An example is an infinite length of 
transmission line: at any frequency the image impe¬ 
dance is equal to the characteristic impedance of the 
line. 

Fig. 3 shows the pi-equivalent circuit composed of 
pure reactance and susceptances. Using a matrix 
representation of the network, the following is true: 

A n = 1 + Z 2 Yj A 12 = Z 2 

A 2 , = Yj+Yj+Y, Z 2 Y } A 22 = 1+ Y (Z 2 


Using these matrix values, image impedance Z/j 
becomes: 


Z 2 !! = Z ol Z sl 


^llA 12 

A 2 lA 2 2 


= B(BE-l) (U 

(AB — 1)(A +E—ABE) 

Letters A, B, and E are the susceptances and reac¬ 
tances at any frequency as given with fig. 3. Z oI is 
the impedance into port 1 with port 2 open; Z sl is the 
port-1 impedance with port 2 shorted. The image 
impedance at port 2 is: 


Zn = Z o2 Z s2 


Al2 A 22 

A u A 2 1 


B(AB-l) 

(BE- 1)(A+E-ABE) 


Z o2 and Z s2 are the port-2 impedances with port 1 
open and shorted respectively. Both right-hand 
expressions are complex numbers with a zero-value 
imaginary component. 

A broad spectrum plot of both image impedances 
is shown in fig. 4 for a typical network, it is common 
to denote frequency in such plots as w, the product 
of 2i r X frequency. The dash lines indicate a 
negative-real-part image impedance. 



fig. 4. Image Impedance* at Input and output port* a* func¬ 
tion* of frequency. Frequency I* denoted as u = 2rf. 
Dashed lines Indicate a negative-real-part Image Impe- 
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Synthesis of component values is not possible 
between w 7 and w 2 nor above w 3 because of the neg¬ 
ative real parts of the impedance. The only choice is 
below 011 or between oi 2 and u 3 . 

center frequency 
impedance transformation 

Assuming that R1 is greater than R2 will exclude 
any frequency condition below oij. The range 
between oi 2 and oi 3 is left and shown expanded in 
fig - 5. 

Frequency oi 0 is the geometric mean of oi 2 and u 3 , 
expressed as: 

«0 = \I<j1 2 03 3 (3) 

The intersection of oi 0 and each image impedance 
plot line will give R1 = Z 77 and R2 = Z !2 . Frequency 
<00 is the network center frequency. 



fig. S. Impedance-transformation relationship to geometric 
center frequency. u g , which is the geometric mean of a> 2 and 
u f . Note that Z„ has the least change at a 0 . 

Holding to the network center frequency, « 0 , the 
susceptances and reactances of each pi-network arm 
are defined as: 

Ag = oi 0 Cl (4) 

Bq = oloL (5) 

Eg — 01gC2 (6) 

Each end resistance can then be related to all compo¬ 
nent values by substituting eqs. 4, 5, and 8 into eqs. 
1 and 2 : 


The relationship of <o 2 and oi 3 frequencies must now 
be established. 

optimizing the design- 
center frequency 

Examination of fig. 5 shows that Z n has the least 
change of value at oi 0 . This can be proved by taking 
the derivative of Z It as a function of frequency with 
eq. 1 . Zj 2 has a relatively constant slope at oi 0 . 
Choosing u 0 as the design center frequency results in 
a minimum impedance change at each network port 
over a given bandwidth. 

To find oig from eq. 3, cut-off frequencies w 2 and 
oi 3 must be found. Image impedance plots in figs. 4 
and 5 will show that Z 77 goes to infinity at each fre- 



fig. 6. Cutoff frequency ratio, z. aa a function of tranaforma- 
tion ratio, m. Nota that z ia an invaraa function aim. A lowar 
raaiatanca ratio will provida greater matching bandwidth; a 
highar raaiatanca ratio givaa a narrow bandwidth. 


quency and z 72 is zero at <o 2 and infinity at oi 3 . Exami¬ 
nation of eq. 1 shows that the denominator becomes 
zero if AB = j. A zero denominator will yield a result 
of infinity. Similarly, the numerator of eq. 2 will be 
zero if AB = 2. A relationship to oi 2 now exists, and 
from the expressions in fig. 3: 


_ BofBgEp-l) _ (7) 

(AgBg— l)(Ag + Eg — AgBgEg) 


BofAgBp- 1) 

(BgEg— l)(Ag + Eg — AgBgEg) 


Defining a ratio, m, as R1 divided by R2, an identity 
is obtained from eqs. 7and 8 : 


_ RL_ - b qEq-1 (9) 

R2 ~ AgBg-1 


2 




C2L 


( 10 ) 


Both image impedances are infinity at u 3 . This condi¬ 
tion will result if the term (A +E-ABE) is zero or 
(A+E) = ABE. This term is common to eqs. 1 and 
2. Using the expressions in fig. 3, 


2 _ C1 + C2 
U3 “ Cl LC2 


( 11 ) 


Eqs. 10 and 11 are a bit clumsy to handle directly. It 
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fig. 9. Pi net example for a tube amplifier. Frequency range 
is between 13.9-14.4 MHz. The reflection coefficient can be 
checked against fig. 8 for the band edges. 


NORNAUZEN FREQUENCY, (t/t 0 ) j 

fig. 7. Normalized attenuation characteristic for various ^ 0 R2(z— 1)\lm(z + 1) 116) 

transformation ratios. Curves illustrate the difference in re¬ 
sponse caused by transformation ratio m. and C2 = -- -- 

UoR2(z — 1 )\jm(z + 1) 



will be easier to handle if another ratio is used: 

, _ ( 12 ) 

<i) 2 

Some algebraic manipulation of eqs. 3 through 6 and 
12 result in the identities 


Aq + Eq 
E 0 


(13) 


normalizing the component values 

More algebraic manipulation using eqs. 4, 5, 6; 9 
through 11; and 13 give the following relationships: 


A 0 = 


yjm(z + 1) 
R1 


and Cl = 


y/mfz + l) 
(j}qR1 


(14) 


zRl 

slm(z + l) 


u (rJm(z+ 1) 



fig. 8. Normalized reflection characteristic for various trans¬ 
formation ratios. Best operation occurs when reflection co¬ 
efficient r < 0.1. 


Cutoff frequency ratio, z, can't be selected arbitrarily. 
It has a definite relationship to end-resistance/trans¬ 
formation ratio m. Using eqs. 9 and 13 through 16, 
this is: 

z 3 -z 2 [(m - IJ/mJ - z[(m + IJ/mJ 
+ [(m-l)/m] = 0 

Fig. 6 is a plot of cutoff frequency ratio, z, versus 
transformation ratio, m. Eq. 17 is valid only for m 
greater than unity and R1 greater than R2. 

Note that z is inversely proportional tom. A lower 
resistance ratio will give a greater matching band¬ 
width; a higher resistance ratio gives a narrow band¬ 
width. A check on bandwidth is possible by direct 
analysis of a network versus frequency, but it may be 
easier to test by mathematical means, 
transfer functions 
and properties 

A transfer function is a mathematical expression of 
a network that allows comparison of input to output 
vs. frequency. It can also be used to find the reflec¬ 
tion coefficientax the input port as a check of match¬ 
ing bandwidth. This reflection coefficient is the same 
as that of a loaded transmission line VSWR expres¬ 
sion. 

The common transfer function, F(Q), representing 
available generator power versus output power, may 
be expressed in the normalized form for the pi net¬ 
work as: 

f(Uj = (l-fe)!/ 4 " + -7§ +/l2lRj + ' l22m ] 

= G+jU= I s (18) 

JP 2 2E 0Ut sjm 
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where A n , A l2l A 2 i, A 22 are the matrix terms given 
previously and 

0 = w/w 0 , ratio of calculation versus center fre¬ 
quency 

G = real part of F(Q) 

V = imaginary part of Ffii) 

P„ = available power of generator, R1 

P 2 = power absorbed by R2 
The transfer function, F(tl), may be expressed in 
terms of fi, z, and m by: 

F(U) _ 1 ^n(z 2 - 1)(1 - Q 2 z) +z 2 -U 2 z - 1 

, . Qz(2z - Q2 - l)sfm(z + lj 1 (19) 

J z 2 — 1 J 

The term —~ is the normalizing factor. Any combi- 

2\lm 

nation of z and m will result in unity magnitude of 
F(U) at oig; this allows a response comparison 
without scale shifting. 

Eq. 19 may be programmed on a calculator but 
must be converted to polar form.* Taken directly, 
the term in brackets of the normalized transfer func¬ 
tion is the generator voltage of fig. 1 divided by the 
complex output voltage across R2. The ratio of 
complex-output-voltage-to-complex-input-voltage of 
the network is the inverse of F(Q), with the result 
multiplied by 1/2. 

Normalized attenuation around design center fre¬ 
quency can be expressed by: 

= \F(U)\ 2 = G2+lfi (20) 

This response is plotted in fig. 7 showing attenuation 
as a function of design center frequency. Attenua¬ 
tion in dB is 20 logi 0 (e a ). This plot illustrates clearly 
the difference in response caused by transformation 
ratio m. 

Reflection coefficient, r, is the reflected voltage 



rl 1 

1 

1 i 

-- * 

™ ■ 

] 




fig. 10. Example showing a transistor amplifier in the range 
of 1215-1300 MHz. Transistor output impedance is resistive 
at 12.5 ohms across the frequency band; R1 is now the load 
and R2 Is the generator. 


•A rectangular-torn expression is usually easier to show in texts. The prob¬ 
lem with such expressions is that the complex real part becomes negative! 
Conversion to polar form gives a positive magnitude with the correct phase 
angle. 



fig. 11. Smith chart showing network output impedance of 
a transistor amplifier and pi network. Output VSWR is lass 
than 1.25 across the desired bandwidth. 


divided by the forward voltage at the generator. Nor¬ 
malized reflection coefficient can be derived from 
eqs. 19 and 20: 



This expression is plotted in fig. 8 for m values of 4, 
20, and 100. Best operation occurs when r is less 
than 0.1. Bandwidth again depends on transforma¬ 
tion ratio. 

some examples 

A vacuum T tube amplifier has an output impedance 
of 1500 ohms with stray capacitance of 20 pF. It is to 
be matched to a 75-ohm line over the range of 13.9- 
14.4 MHz. The geometric center of the range will be 
the design center frequency: 

f 0 = *113.9X.14.4 = 14.15 MHz 

R1 is 1500, R2 is 75; so the transformation ratio, m, 
equals 20. From fig. 6, m = 20; z = 1.14. Eqs. 14, 
15 and 16 give the component values after calcula¬ 
tion of some common terms: 

O3 0 = 2-Kfo = 6.283 x 14.15 x 10 6 = 88.91x106 
yjm(z + l) = yj20x2.14 ~ 6.542 
From eq. 14: 

S >, 6.542 _ 6.542 _ in n, r- 

C1 - 88.91~xl06X1500 - 1W4X109 ~ 49 06 P F 

Subtracting the 20-pF stray capacitance gives a com¬ 
ponent value of 29.06 pF. From eq. 15, 


. = 1.14x1500 

88.9lxl06x6.542 


1.710X101 
" 581.6X106 


= 2.940 nH 
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From eq. 16: 

CZ = W91 x 10* x 75X0.14X6.542 

= 6iokm = 1637 p f 

The tube and network circuit is shown in fig. 9. The 
cutoff frequencies, 012 and u> 3 , can be checked with 
eqs. 10 and 11 as 13.25 MHz and 15.11 MHz respec¬ 
tively. 

The reflection coefficient can be checked against 
fig. 8 for the band edges. The high end is 14.4/14.15 
or 1.018 relative to center; low end is 13.9/14.15, or 
0.982. The reflection coefficient is approximately 
0.12, or 12 per cent. 

Another example is a microwave amplifier output 
circuit (fig. 10). The desired range is 1215-1300 MHz. 
The transistor must match a 50-ohm load. The tran¬ 
sistor output impedance is resistive at 12.5 ohms 
across the band; R1 is now the load and R2 the gen¬ 
erator end. The design center frequency is: 

f 0 = V 1215X1300 = 1257 MHz 


and is important for wideband modulation transmis¬ 
sion and determination of network dissipation loss. 
Normalized group delay, (J 0 T g , can be determined 
from the complex transfer function of eq. 19 as: 


( 22 ) 


Normalized group delay for three values of m is plot¬ 
ted in fig. 12. In general, maximum group delay 
occurs at rapid attenuation versus frequency.* The 
pi-network maximums are slightly higher than design 
center frequency. 

Network attenuation other than the transformation 
ratio is determined by the unloaded Q of each reac¬ 
tive element. Knowing the element Q allows determi¬ 
nation of loss through the normalized group-delay 
expression: 


a v = loss (in dB) 


4.343u> q T k 

Qm 


(23) 


Transformation ratio is 50/12.5 or 4, and z is 1.27 
(from fig. 6). Remembering that C2 is next to the 
generator and Cl next to the load, eqs. 14, 15, and 
16 give the following values: 

Cl = 7.63 pF,L = 2.67 nH, C2 = 12.45 pF 

A Smith-chart plot of the network output impe¬ 
dance, normalized to 50 ohms, is given in fig. 11. 
Output VSWR is less than 1.25 across the desired 
bandwidth. 

group delay and 
element dissipation 

Group delay is the differential phase delay divided 
by the differential frequency across the desired band. 
It is the time delay of a signal through the network 



fig. 12. Normalized group delay for three transformation 


Eq. 23 is assisted by the design-center-frequency 
normalized group delay plotted in fig. 13. Assuming 



fig. 13. Normalized group delay at canter frequency for vari¬ 
ous transformation ratios. 


very high unloaded Qs of the capacitors, an unload¬ 
ed d of 160 for the inductor, and an m of 20 (from 
the first example), additional network loss will be 
0.20 dB, a negligible amount. 

summary 

The optimum design of a pi network depends on 
the transformation ratio. Bandwidth is inversely pro¬ 
portional to this ratio. Simple calculation of com¬ 
ponents is possible with the aid of a few graphs. 
Reflection coefficient is proportional to transforma¬ 
tion ratio and may be used to determine if a network 
must be retuned for a particular bandwidth. 

•Phase shift through a filter is responsible; all filters have rapid phase 
changes as amplitude response moves from passband to stopband regions. 
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a note on 
the appendix 

Appendix A was included in Mr. Leonard H. 
Anderson's rewritten version of this article. It dis¬ 
cusses the "image impedance" method of network 
design with respect to matrix notation. Also included 
are normalized component values and their relation¬ 
ships with respect to eqs. 14,15, and 16 as well as an 
explanation of transfer functions with regard to the 
derivation of eqs. 19,20, and 22. 

Author DL9LX, in his original version of this arti¬ 
cle, furnished other appended material. This includes 
a listing of computed pi-network elements as a func¬ 
tion of impedance-transforming ratios for various 
center frequencies (Appendix B); computed values 
of z = f(m) from eq. 17 (Appendix C); and a table 
of normalized network elements for various transfor¬ 
mation ratios useful in general network design 
(Appendix O). 

Interested readers may obtain a copy of author 
DL9LX's appendices from ham radio upon receipt of 
a large self-addressed, stamped envelope with 28 
cents postage. The material in these appendices is in 
the author's original notation. 

Editor. 
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appendix A 

image impedance 

Modern network theory tends to ignore the "image method" of 
design. While image methods may be disregarded for complicated 
structures, they are valid for simple networks and quite useful at 
frequencies where it's difficult to obtain a purely resistive load. 

Many readers will be unfamiliar with network matrix notation. 
Those who are familiar may be more acquainted with "A, B, C, D" 
notation instead of the subscripted form. Open and short-circuit 
impedances are given below, referred to fig. 3. 

Port 1 input impedance with port 2 open: 



Port 1 input impedance with port 2 shorted: 

*-y,zf 2 + , 

Port 2 input impedance with port 1 open: 

z . , ?& + L 

112 Y,Z 2 Y, + Y, + 

Port 2 input impedance with port 1 shorted: 



Multiplication of Z ol and Z sI or Z o2 and Z i2 will still give the same 
result as with matrix notation. The fact that each image impedance 
expression, while complex, results in an imaginary part of zero 
comes about by completing the complex division; this can be veri¬ 
fied by completing all steps. This also applies to eqs. 17) and (8). 
Real-part-only complex expressions are common to purely reactive 
networks. 

Image impedances show the individual resonances within the 
network. They are synthesis tools - not an actual input impedance 
when loaded. The "missing" expression for network resonance at 
u, of fig. 4 is because of the (BE - l) term of eqs. (1) and (2), 

u>l 2 = l/(C 2 L) 

normalized component values 
and relationships 

Eqs. ( 14 ), (15), and (16) could have been expressed without the 
frequency ratio, z. In fact, z could have been omitted, but at a 
price: the usable bandwidth would not be optimized, since the 
design center frequency could not be located for minimum reflec¬ 
tion coefficient, or "goodness of match." 

Many readers are under the false assumption that a pi network is 
a resonant circuit with a quality factor, Q. It is simply an impedance 
transformation network with the appearance of resonance due to 
the sharp cutoff above design frequency. Low-side response be¬ 
haves more like a conventional asymmetrical lowpass with varying 
passband response. Since many power amplifiers are still tube 
types with pi networks, transformation ratios will be high and the 
network will appear to peak at center frequency. As high- 
frequency, high-power semiconductor technology improves, trans¬ 
formation ratios will decrease, and the pi network will be treated as 
the simple lowpass filter it really is. 


transfer functions 

Eq. (18) may be found in reference 1, page 37, equations (2.10-1) 
and (2.10-5), using ABDC matrix descriptors. The transfer function 
is the generator-voltage-to-load-voltage ratio. The normalizing 
term will yield "available voltage" at the load; that is, all power 
from the generator is assumed dissipated in the load, Rl; none in 
source resistance, Rl. 

Eq. (19) is obtained by substitution of the network arm reac¬ 
tances into eq. (18). The steps of substitution and simplification 
are too long to be included here; they have been checked inde¬ 
pendently. 

Input/output complex voltage ratio is obtained by deletion of 
(1/2) from the normalizing term. This yields a condition in which 
the generator is a constant-current source with a source conduc¬ 
tance always present at the network input. 

More detail on the attenuation and delay functions may be found 
in reference 1, sections 3.02 and 3.03. These use the image propa¬ 
gation function, y, expressed in general terms as: 

y = ot + ji) = n (\JAhA 22 + \JA i2 A 2 i) 
where a = image attenuation in nepers 
(3 = image phase in radians 

Eq. (20) is derived by manipulation of this basic expression in terms 
of eq. (19). Normalized group delay, eq. (22), is derived from the 
basic group delay expression 



With the partial differential dil/du> = l/u> 0 . 



which yields eq. (22) in terms of eq. (19). 

ham radio 


56 [ffl September 1980 



regulated power supply 


for VHF transceivers 

Many of today's 2-meter fm transceivers feature 
25 watts (or less) of rf power. When used in the 
home station, these radios generally require 13.8 Vdc 
at 7-8 amperes. Since I didn't have a power supply of 
this capacity, the only solution was to build one! 

Simplicity is reliability, so I decided that the circuit 
couldn't be complicated; but good regulation was a 
requirement. The circuit shown in fig. T features no- 
load-to-full-load (8.0 amperes) regulation of 0.2 Vdc. 
Also featured in the circuit is "fold back" current lim¬ 
iting and overvoltage protection. 


ton pair. The output voltage (in this case 13.8 Vdc) is 
set by potentiometer R1. This sampled voltage is 
applied to U1, a UA723HM voltage regulator, which 
contains a voltage reference amplifier and an error 
amplifier. U1 output is applied to 02 base to adjust 
the voltage at R1 to its proper value. The low-value 
resistor, R2, is the current "fold-back limiter." If the 
power-supply output should exceed 10 amperes (i.e., 
a short circuit), regulator U1 will bias the transistors 
to cutoff; thus the output voltage will drop to near 
zero until the short circuit condition is corrected. 

Capacitor Cl and OVP form an over-voltage-pro- 
tection circuit. The OVP limits the maximum output 



circuit description 

The power supply consists of a full-wave bridge 
rectifier with capacitor input. Any transformer-capac¬ 
itor combination that produces 28 volts dc at 7.5 
amperes at Q1 collector will work. Voltage at Q1 col¬ 
lector should not be greater than 40 Vdc, otherwise 
damage to U1 may result. Q1 and 02 form a Darling- 


I voltage to +15 Vdc. (The OVP unit is available from 
VHF Engineering.) The voltmeter and ammeter are 
optional, depending on your junk-box supply. The 

By Larry Beebe, WA8RXU, 258 Debbie Drive, 
RD2, Box 519, Gallipolis, Ohio 45631 
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output voltage (determined by R1) is adjustable from 
about 7-14 Vdc. 

construction details 

Component layout isn't critical; there's room for 
wide variation in this regard. Both Q1 and 02 must 
be mounted on a suitable heat sink, which must be 
insulated from the chassis. "Current foldback" resis¬ 
tor, R2, should be wound on a plastic or Teflon rod 
of about 'A inch (6.5 mm) diameter. Regulator U1 
and potentiometer R1 are mounted on a piece of 
Vector board. If you wish to have the current limited 
to other than 10 amperes, a different resistor for R2 
will have to be wound. To determine the new resis¬ 
tance: 

Rlimit - (1) 

1 limit 

Where is the new value resistor (ohms), and 
I limit is the maximum desired current (amperes). 

closing comments 

Operating results with the power supply have been 
excellent. If you have a good junk box, or are a good 
trader at the Hamvention circuits, this supply should 
cost less than half that of a similar commercial 
model. Circuit and component layout aren't critical 
so you have a weekend of fun in constructing your 
own base-station power supply. 

ham radio 
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counter mixer 


for the Kenwood 
TS-520-SE transceiver 

This interface circuit 
between your 
transceiver and counter 
provides high accuracy 

Most of the digital readout Amateur equipment 
available today is accuracy-specified to the nearest 
100 Hz. This may mean plus or minus 100 Hz, plus or 
minus the time-base accuracy, and it may include 
programmed beat frequency oscillator (BFO) allow¬ 
ances. In this case the BFO output is not actually 
counted, and accuracy will suffer from tolerances of 
the BFO crystals. Because of linearity problems with 
the mechanical dial, the digital system will probably 
be more accurate across the dial, but just barely. 

I've used the system described here in various 
forms and with different gear for the past eight years. 
It involves mixing the transceiver's three oscillator 
outputs to produce the operating frequency. 1 To 
measure the frequency of an incoming carrier, the 
low i-f is amplified and limited, then substituted for 
the BFO oscillator output in the mixing scheme. This 
option is useful for frequency-measuring tests and to 
calibrate the frequency counter used as a readout by 
checking WWV. 

This particular unit (fig. 1) is for use with a Ken¬ 
wood TS-520-SE. This transceiver has the oscillator 
outputs as well as a dc-supply connection available 
on the back panel. To provide an i-f output, another 
phono jack is installed on the back panel and an emit¬ 


ter follower is used to bring out a tap to the i-f board. 
See fig. 2. 

description 

Use of this unit with other gear would require pro¬ 
viding the proper oscillator, i-f, and power-supply 
connections. If the rig uses a different mixing 
scheme, the bandpass circuit between mixers will 
have to be changed to the new high i-f. Also the in¬ 
put and output coils on the low i-f amplifier and limi¬ 
ter stage will need to be resonated to the different 
low i-f. The Heath SB-102, for instance, uses the 
same mixing scheme, and the same coils and capaci¬ 
tors may be used. The six output circuits remain the 
same, one for each band. 

Doubly balanced mixers attenuate unwanted out¬ 
puts. Separate bandpass circuits cover each frequen¬ 
cy range. The 14-15.6-MHz range is covered by one 
filter as is the entire 10-meter band. 

After the bandpass circuits have selected the 
desired bands, a two-stage broadband amplifier 
brings up the level to operate a frequency counter. 2 
The bandpass circuits are calculated for an R of 
10,000 ohms and were designed after an article by 
Anderson. 3 The requirements in this application are 
not strict. The filter caps were changed to the near¬ 
est standard value. 

construction 

Use good shielding to avoid feedback of the out¬ 
put signal to the receiver input. When used in the sig¬ 
nal-measuring mode, feedback is more likely to 
occur. To operate in this mode, the two isolation 
amplifiers are necessary to prevent signals from 
entering the receiver on the heterodyne- and tuning- 
oscillator cables. Another source of feedback is the 
frequency counter. The counter should be enclosed 
in a metal case to prevent radiation of the high-level 


By E.R. Lamprecht, W5NPD, Route 3, Box 
207, Victoria, Texas 77901 
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signals in its input circuits. A short cable between the 
counter and the mixing unit is helpful, as is a short 
direct chassis-to-chassis connection between all 
units. 

If you need the unit only as a digital readout of the 
operating frequency, the isolation amplifiers, i-f 
amplifier, mode switch, and the i-f connection to the 
transceiver may be omitted. 

operation 

When in the operating-frequency mode, the read¬ 
out changes as the dial is moved. In the signal mode, 
the readout indicates the frequency of a carrier as 
long as it is in the passband and of sufficient 
strength. An S-1 signal will register in the absence of 
interfering signals. As an example, tuning across 
WWV results in an unchanging 15 000 000 on the 
counter. Of course, fading and multipath distortion 
will alter the reading for some count periods. The 
counter will count what it sees, and the receiver must 
provide a countable signal. To help ensure a clean 
count the receiver should have a CW filter to narrow 
the passband and separate modulation from the car¬ 
rier. However, the system will work well with an SSB 
filter, especially on WWV. 

tune up 

The following procedure is for use with the Ken¬ 
wood TS-520-SE transceiver. 

1. Set mode switch to RECEIVE. 

2. Adjust L3, L4 (fig. 1) for maximum signal at pin 1 
of the second mixer (MC1496) with the transceiver 
tuned to about band center. 

3. Adjust L5, L6 on each band for proper counter 
operation. Make small adjustments to allow coverage 
of the entire band. Observation of the counter is 
probably the best indication of proper tuning. 

4. Set mode switch to SIGNAL. 

5. Tune in a steady signal, such as that from the cali¬ 
brator. Adjust LI, L2 for maximum output at the tap 
on L2. Reduce signal strength as needed to allow 
peak tuning. 



fig. 2. Emitter-follower circuit edded to the beck panel of 
the Kenwood TS-520-SE transceiver for i-f signal coupling. 


table 1. Coil data for the counter mixer circuit in fig. 1 

L6tap 
from 

band bottom 

(MHz) L5-L6 (turns) 

1.8-2.4 no. 32 (0.2 mm) 10 

1241 

3.5-4.1 no. 32 (0.2 mm) 6 

681 

7.0-7.6 no. 32 (0.2 mm) 3 

361 

14.0-15.6 no. 30 (0.25 mm) 3 

281 

21.0-21.6 no. 30 (0.25 mm) 1 

lOt 

28.0-29.7 no. 30 (0.25mm) 1 

131 

high i-f 

(MHz) L3-L4 L4 tap 

8.295-8.895 no. 32 (0.2 mm) 7 turns 

301 from bottom 

low i-f L1-L2 L2 tap 

3.395 no. 32 (0.2 mm) 21 turns 

421 



6. As a final check, observe the counter and adjust 
for readout of the weakest possible signal. 

performance 

To give an example of the capabilities of this sys¬ 
tem, I made sixteen consecutive readings of the 
WWV carrier at 15 MHz. A count gate time of 100 
seconds was used. The readings showed a slow drift 
above and below the 15-MHz target frequency, with 
a maximum error of 0.35 Hz. Most likely, the major 
portion of the error was the result of the oven con¬ 
trol, with some error due to propagation delay. The 
counter is controlled by a 1-MHz crystal in a propor¬ 
tionately controlled oven, which has been on for over 
five years except for power failures. 

Of course I've not approached the point where I 
can begin to look to WWV as a source of error. But 
obtaining consistent readings with an error of less 
than one part in fifteen million is quite satisfying. 

references 

1 Mac leish. "A Frequency Counter for the Amateur Station,'' OST. Octo¬ 
ber, 1970. 

2. Randall Rhea, WB4KSS, 'General-Purpose Wideband rf Amplifier," 
ham radio, April. 1975, pages 58-6t. 

3. Leonard H. Anderson, "Top-Coupled Bandpass Filter - a Chebyshev 
Design, " ham radio. June. 1977, pages 34-40. 
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approximate 
C, C c inductance 

(pF) (pF) (nH) 

39 12 109.0 

50 6 32.75 

50 3 8.9 

20 2 5.75 

50 1 1.04 

20 1 1.6 
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A simple 40-meter receiver 

This article is for those who like to build their own 
equipment. It is a summary of a solid-state receiver 
that has performed very well. The receiver is the 
result of my experience trying to find circuits that 
work. It's about as simple as you can find. The 
receiver uses an rf stage, which certainly helps at 
night when foreign broadcast stations come through 
on 40 meters. 

The most time-consuming part of the project was 
making the PC boards. I used black PC drafting tape 
to lay out the boards, which were etched in ferric 
chloride. Others will probably come up with a better 
method. 

brief circuit description 

Many of the receivers shown in the handbooks 
don't include an rf stage ahead of the mixer. This 
receiver was first tried using a double-tuned circuit 
directly into the mixer. However, the circuit was 
mounted in the chassis and capacitive coupling 
wasn't satisfactory. At night the shortwave broad¬ 
cast stations came through. By using this simple rf 
stage, the selectivity problem was resolved. You can 
use whatever toroid forms you can find. The T-80-2 
forms are probably too large, but these are what I 
have used. They have a red core and are about 1 inch 
(25.5 mm) in diameter. Resonance can be checked 
by holding a grid-dip oscillator to the hot end or by 
placing a turn or two of wire around the core and 
checking with the grid-dip oscillator. The input coil 
was mounted on the chassis topside and the output 
coil was mounted underneath. Fig. 1 shows the 
circuit. 

mixer 

The mixer output coil was tuned to 5.5 MHz. It is 
wound on a 3/8-inch (9.5-mm) ceramic slug-tuned 

By Ed Marriner, W6XM, 528 Colima 
Street, La Jolla, California 92037 


coil using a fixed 100 pF cap for tuning. L5 (about 13 
turns) on the bottom of the coil feeds directly into the 
Swan crystal filter. 

variable-frequency oscillator 

The VFO tunes 12,500-12,800 kHz to cover the 40- 
meter band. A small cap with two rotary and two 
fixed plates came out to about 35 pF, which just 
covers the band. You can pull plates out after the set 
is going to obtain desired bandspread. Coil L6 was 
wound on a 3/8-inch (9.5-mm) ceramic slug-tuned 
coil form. It was wound with silver-plated wire, nylon 
covered. The two 500-pF caps from the MPF-102 
gate to ground are silver micas. A 9-volt zener 
stabilizes the MPF-102 drain. The two 2N2222 stages 
are buffers to reduce pulling effect on the VFO and to 
obtain the 1.5 V rms to feed the mixer. 

i-f stage 

Only one i-f stage was necessary for this receiver. 
L7 is another 3/8-inch (9.5-mm) diameter slug-tuned 
coil adjusted to 5.5 MHz. It's coupled into the prod¬ 
uct detector with a 0.001 /tF cap. 

beat-frequency oscillator 

The BFO can be varied about 1 kHz with the 0-30 
pF variable cap to adjust the SSB tone. The output 
coil, L8, is another slug-tuned coil. The 10 pF coup¬ 
ling cap to the product detector should be sufficient, 
but you can try other values if there isn't enough 
signal injection. 

construction 

I built the receiver starting from the audio stage 
and worked backward to the front end. I used 2-inch 
(50-mm) square PC board. I laid out the circuits using 
black drafting tape and etched the boards with ferric 
chloride. Parts were mounted on a 7 x 11-inch (178.5 
x 280.5-mm) aluminum chassis.* The VFO was 
mounted in a partition topside, which was about 3- 
inches (76.5-mml square. I used a VTVM and rf probe 
fortune up. 

performance 

I'm amazed at the performance of this little 
receiver. I frequently operate it from a battery supply 
during park picnics and wonder how I ever got along 
without it. Don't ask me how to make a transceiver 
for CW; so far I've not been able to make a mixer to 
drive a transmitter section, t 

■Parts that may be useful for construction are available from Radiokit, Box 
411H, Greenville, New Hampshire 03048. 

tSee John Keith's article, "40-Meter Transceiver for Low-Power Opera¬ 
tion." ham radio, April, 1980, page 12. 
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comments 

I Continued from Page 6) 

the product of baud speed times K, K 
being a factor depending on the 
"goodness" of a circuit. The baud 
speed of Amateur Hellschreiber is 
122.5 which multiplied by a K factor 
of 3 gives a bandwidth of 367.5 Hz. 
The K factor of 3 comes into the pic¬ 
ture because it has long been recog¬ 
nized that a square wave and its third 
harmonic is perfectly acceptable for 
normal communications. The band¬ 
width of a 45.5-baud, 170-Hz shift 
RTTY computed according to CCIR is 
245 Hz. 

K6KA is correct in his criticism of 
the Chinese Hell-Fax signal, lately on 
14140 and believed still to be working 
in the Region 2, 80-meter band. But 
this is a different system with a baud 
speed of somewhere in the region of 
400, and observedly with little or no 
attempt at pulse shaping; some chan¬ 
nels are even FSK with 800 Hz shift! 
They are certainly wide band and not 
to be compared with the Amateur 
'hell' in Europe. 

Finally, I hold no brief for the Hell¬ 
schreiber system as such but, as I 
worked with the system throughout 
most of its active life and am fully 
conversant with its advantages and 
shortcomings, I thought I'd like to put 
the matter straight. 

Stanley A.G. Cook. G5XB 
Radio Society of Great Britain 
Reading RG49BP, England 

PCB "threat" 

Dear HR: 

I noted in "Presstop" in May, 1980, 
issue your warning regarding the 
"potentially deadly threat" existing in 
the form of PCBs or polychlorinated 
biphenyls, and should like to thank 
you for bringing the attention of the 
fraternity to this material. 

However, I should like to point out 
that the PCB hazard has been, like 
many others, vastly overrated by 
media exposure. PCB in massive 
doses fed to lab test animals has been 


shown to produce malignant tumors, 
and repeated applications to the skin 
of mice has indicated some potential 
as a dermal carcinogen. 

PCB came to the attention of health 
authorities through two major in¬ 
stances. One was in Japan, where, 
by error, it was substituted for fish oil 
in food packaging. The second in¬ 
stance occurred in the U.S., where, 
in error, it was added in place of veg¬ 
etable oil, to cattle feed. In both 
cases severe illness resulted from the 
consumption of the PCB-contami- 
natedfood. 

Occasional handling of PCB has 
shown no deleterious effects on hu¬ 
mans. In fact, many Amateurs who 
are also Industrial Electricians will tes¬ 
tify that they have had their hands in 
it innumerable times, and in big trans¬ 
former work have literally been im¬ 
mersed in it, with no visible short- or 
long-term effects. 

The properties of PCB, which make 
it such an excellent electrical insu¬ 
lating fluid, are the qualities that 
cause the physical and ecological 
problems. It is heavier than water, 
non-conductive, and will not break 
down or decompose at temperatures 
under 2000°F. In fact it requires the 
full 3500°F heat of a cement kiln to 
break it down. Under normal condi¬ 
tions, it is not bio-degradable. This is 
its biggest hazard. Once spilled, it re¬ 
mains in the ground indefinitely, be¬ 
ing propagated by natural ground 
waters, absorbed unchanged by 
plants, which are then eaten by 
animals. 

Incidentally, if you have a tube- 
type television set or refrigerator 
more than ten years old, fluorescent 
lights, or a car with brake fluid or hy¬ 
draulic fluid more than ten years old, 
you probably have another source of 
PCB. 

Amateurs, building or buying dum¬ 
my loads without transformer oil, and 
having gone to their local utility for a 
gallon of "good, hi-temperature 
transformer oil" have received a gal¬ 
lon of PCB. All the above is presented 
to show that PCBs have been around 
and done a good job for years, and 


pose no "potentially deadly threat" in 
the quantities hams use. 

PCBs can be differentiated from 
mineral or vegetable transformer oils 
by the following means: 

1. The smell of PCBs is somewhat 
similar to that of moth balls. Ordi¬ 
nary vegetable or mineral trans¬ 
former oils smell like oil. 

2. Pure PCB is heavier than water, 
and a drop dropped into a bottle of 
water will sink. Ordinary transform¬ 
er oil will float on water. 

If you have a PCB-filled dummy 
load that has a leak or a filter capaci¬ 
tor filled with PCBs that shows a leak 
around the bushings these leaks can 
be easily repaired using "Weldfast 
220" or equivalent epoxy. First clean 
off all PCB seepage with a good sol¬ 
vent; "Xylene" will do fine. Wear 
rubber gloves to protect you from 
both the Xylene and the PCBs, and 
store contaminated wipers in a seal- 
able can. Mix the epoxy, smear over 
and around the leak, and let it set. 
Job done. 

Clean up any spilled PCBs well with 
Xylene and rags. Store rags, rubber 
gloves, and all contaminated materi¬ 
als in a sealed can. The whole object 
of the game is to keep the PCB from 
getting directly into your food and 
from getting into the food chain via 
the earth and ground water. A call to 
your public utility will provide a safe 
method of disposing of your PCB 
wastes. 

Above all, remember PCBs are a 
hazardous substance, not a "deadly 
threat." Inspect your capacitors and 
ensure they are not leaking PCBs. If 
they are, repair the leaks and clean up 
the spills properly, or remove the bad 
component and clean up the spill 
properly. Put all contaminated mate¬ 
rials in a sealed can, wash your hands 
well, call your public utility and make 
the necessary disposal arrangements. 
Don't panic and throw them in the 
garbage. If you do, you can be sure 
of getting your share of them back 
through the food chain. 

Tom Ruynon, VE5UK 
Saskatoon, Saskatchewan 
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speed of light 

Dear HR: 

In his amusing expose, W7ITB has 
drawn before our eyes the frightening 
picture of all our emissions eventually 
coming back upon us because of the 
speed of light becoming negative by 
the 2100th century. 

May I draw your attention to a hint 
at a much earlier date of this reversal? 
In the May, 1976, issue of ham radio 
on page 31 VK22TB cites the speed 
of light to be 290500 kms' 1 . Should 
we all possibly have overlooked this 
dramatic 3 per cent decrease or could 
it be a specific development of our 
fellow Australian hams working 
towards a "light boomerang?" 

Gunter Hoch, KL6WU 
Darmstadt-Eberstadt 


surplus tubes 

Dear HR: 

I agree with Bill Orr's suggestion in 
December ham radio that one should 
test surplus tubes as soon as possible 
after their receipt. However, I object 
to his blanket condemnation of mail¬ 
order surplus houses, that customers 
have a "fat chance" of getting a re¬ 
fund or replacement for a defective 
surplus tube purchased via mail 
order. 

We at Fair Radio Sales have been 
selling used and unused surplus tubes 
to Radio Amateurs for many years. 
As a matter of policy, we replace an 
unsatisfactory tube or refund its 
price, provided the customer's claim 
is made within ten days or so of the 
tube's receipt. 

Like any reputable business, we 
feel that we have the responsibility to 
make every reasonable effort to satis¬ 
fy our customers. Undoubtedly there 
are other surplus dealers who share 
this commitment to their customers. 

Orr's remark was a disservice to the 
conscientious surplus mail order 
companies — many of which adver¬ 
tise in ham radio. 

George Sel|ati 
Fair Radio Sales 
Lima, Ohio 


short circuits 

Yagi antenna design: 
performance calculations 

The caption for Table 1 on page 25 of 
the January, 1980, issue of ham radio 
should read: Element reactance for 
different wavelength-to-radius ratios, 
K. The caption for fig. 2 should read: 
Graph showing the relationship be¬ 
tween the wavelength-to-radius 
ratio, K.... 

coaxial-line transformers 

W6TC reports that on page 17 of 
the February, 1980, issue of ham 
radio, eight lines below the heading 
"50/200 ohm transformers," the text 
should read: ". . . two pairs of RG-58 
A/U Inot RG-59 A/U] cable." 

Touch-Tone decoder 

The schematic of the Touch-Tone de¬ 
coder that appeared in the February, 
1980, issue of ham radio (page 37| 
should show a crystal, not a resistor, 
at pin 2 of U3. Pins 3 and 5 of U10 are 
tied to +12 volts, with pin 4 tied to 
D1 of the sequential control outputs. 
The price of the complete kit is $140, 
assembled and tested $160, from 
James Wyma, WA7DPX, 12952 Os¬ 
borne St., Arleta, California 91331. 

capacitance measurement 

Fig. 1 of the Capacitance Measure¬ 
ment article that appeared on page 44 
of the April, 1980, issue of ham radio 
appeared with the HI and LO posi¬ 
tions of SIB inadvertently reversed. 
The open contact, which should be 
marked HI, is grounded. 

experimental high-gain 
phased array 

In KL7IEH's high-gain phased array 
article, which appeared on page 44 of 
the May, 1980, issue of ham radio, 
the reflector elements in figs. 1 and 5 
should be broken in the middle, as 
should the first director in fig. 1. In 
fig. 4, elements Di and D 2 are re¬ 
versed. 



More Details? CHECK-OFF Page 94 
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another improvement 
for the Ten-Tec Omni-D 
CW age 

The improved CW age for the Ten- 
Tec Omni-D transceiver by Doug 
McDougall (ham radio, January, 
1980, page 88) adds a needed fea¬ 
ture. However, McDougall's approach 
using a new switch deck didn't 
appeal to me because it requires a 
cooling-off delay and material not in 
my junk box. 

An examination of the circuit sug¬ 


gested that the CW-agc change 
could be made using diodes instead 
of a new switch deck. Fig. 1 shows 
the circuit installed in my radio. The 
original mute relay circuit seems to be 
unaffected by the change, and the 
improved CW age works as described 
by McDougall's modification. The 1-k 
resistor and diodes allow C3 to 
charge and discharge only in the CW 
mode. 

My thanks to McDougall and ham 
radio for publishing the article, which 
led to my circuit. 

John Bunting, W4NET 



overtone crystal 
oscillator 

I found WB2EGZ's article, “Quartz 
Crystals — Gems for Frequency Con¬ 
trol," ham radio, February, 1979, 
page 37, very interesting. I had a 
transmitter on my bench with a crys¬ 
tal fault. The transmitter had been 
modified so that it would operate on 
144 MHz; however, the oscillator 
wouldn't operate in the overtone 
mode of the crystal. While the article 
by WB2EGZ was first-class, this is 
one type of oscillator he didn't cover, 
although he had a variation of it in his 
fig. 4. So it was a case of finding 
out what was happening in my trans¬ 
mitter. 

I found that the critical part in the 
circuit (fig. 2) was inductance LI in 
series with the crystal. With the crys¬ 
tal shorted out LI will resonate with 
Cl, C2, C3 at or near the crystal over¬ 
tone frequency when the oscillator is 
operating as an overtone circuit. 
When the short circuit across the 
crystal is removed, the crystal will 
operate in its overtone mode. If LI is 
tuned to a much lower frequency, the 
crystal will operate in its fundamental 
mode. 

The overtone circuit appears to 
operate as a crystal-locked Clapp 
oscillator; with the crystal shorted, it 
becomes a Clapp oscillator. 

B.E.G. Goodger, ZL2RP 
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impedance of a random- 
length antenna 

Several parameters must be estab¬ 
lished to provide input for this calcu¬ 
lation. There are the wire size and its 
height above ground, from which the 
characteristic impedance of the wire 
as a length of transmission line paral¬ 
lel to the ground is computed. The 
height above ground must also be ex¬ 
pressed in terms of wavelength to 
establish the radiation resistance of a 
typical half-wave dipole. This infor¬ 
mation is found in many texts from 
Terman, (Radio Engineers' Handr 
book) to publications such as the 
ARRL Antenna Book or Handbook. 

A change from one band to another 
will have a major effect on this last 
parameter. So as a starting point, to 
illustrate the method, I decided to 
consider a No. 12 (2.1-mm) wire, 37.5 
feet (11.4 meters) above ground, 
which yields the convenient charac¬ 
teristic impedance of 600 ohms. The 
20-meter band was chosen, where 
the height of 0.57 wavelength results 
in a radiation resistance to a half¬ 
wave dipole of 68 ohms. This number 
was divided by two, assigning 34 
ohms to each quarter wavelength. 

After all these preliminaries we 
have two numbers: 600 ohms and 34 
ohms as the wire characteristic impe¬ 
dance; and we have the radiation re¬ 
sistance of a quarter wavelength (68 
ohms). We now shift our attention to 
the Smith chart (fig. 3). If the length 
of our wire is zero, its impedance 
must be infinite. This is plotted on the 
Smith chart as point 0. The 34-ohms 
radiation resistance of a quarter 
wavelength, when normalized to 600 
ohms, is 0.05666, which was rounded 
off to 0.057 and plotted on the real 
axis of the Smith chart as point 1. 
Points between zero and a quarter 
wavelength lie on a spiral connecting 
these two points, which, for simplic¬ 
ity, was approximated by a semicircle 
centered on the real axis and passing 
through those two points lying in the 
left-hand, or capacitive, side of the 
chart. 

The VSWR of point 1 is the inverse 


of 0.05666, or 17.65. From this num¬ 
ber, the reflection coefficient, F, is 
computed as 0.893.* 

The wire length is now increased to 
two quarter wavelengths. The reflec¬ 
tion coefficient is now the second 
power of 0.893 or 0.797, correspond¬ 
ing to a VSWR of 8.85. This is plotted 
as point 2, and is connected to point 
1 by a semicircle, centered on the real 
axis as before, but this time lying in 
the right-hand half of the chart be¬ 
cause it is inductive. 

In a like manner, successive values 
for T are computed, as the length of 
wire is increased by successive quar¬ 
ter wavelength additions, and con¬ 
nected by semicircles, as before. 

Although this method is only an 
approximation, it does afford consid¬ 
erable insight into the characteristics 
of a long- or random-length wire an¬ 
tenna. For example, suppose you're 
considering erecting a full-wave an¬ 
tenna fed a quarter wavelength from 
one end. The quarter-wave end sec¬ 
tion will have a radiation resistance of 
about 34 ohms, while the three-quar¬ 
ter-wave end section will present a 


Z 0 « lit log — 

where A = height above ground 
d = diameter of wire 


radiation resistance of about 100 
ohms. Your chances of balancing 
your feed system to prevent feedline 
radiation have just gone out the win¬ 
dow! It will still radiate effectively, 
but the opportunity for complications 
is enhanced. 

Using a chart of this type is simple 
enough. You might become confused 
with the markings of wavelength on 
the circumference of the Smith chart 
if you're not careful. Suppose, for 
example that you want to make an 
educated guess about this wire at a 
length of, say, 1.2 wavelengths. This 
point would lie between four and five 
quarter wavelengths and would be 
located by a radius from the center of 
the chart to where the inner scale 
reads 0.05 wavelength. Unfortunate¬ 
ly, our starting point (0) is marked 
0.25 wavelength, rather than 0, and 
you must be aware of the possible 
foul-up. A straight edge marking out 
this radius intersects the spiral at 
about 0.296-j0.296. Multiplying these 
values by 600 ohms gives 177.6- 
j177.6 as our estimate of what we 
would have to match to load such an 
antenna. All of this may seem merely 
academic, but it should put us in the 
ball park when it comes to designing 
a matching network. 

Henry S. Keen, W5TRS 
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RTTY Reader 

A new radioteletype code reader 
has been introduced by Microcraft 
Corporation for SWLs, Novices, and 
veteran radio operators. It is com¬ 
pletely self-contained, featuring an 
eight-character moving LED display, 
separate, active, mark and space fil¬ 
ters, and tuning LEDs. All text charac¬ 
ters — letters, numbers, and punctu¬ 
ation, are shown sequentially on the 
display. It features an extremely ver¬ 
satile decoding system capable of 
handling 170, 425, and 850 Hz FSK 
with RTTY speeds of 60, 67, 75, and 
100 WPM Baudot and 100 WPM 
ASCII. All that is required for opera¬ 
tion is to connect it to the loudspeak¬ 


er of a communications receiver — 
no CRT is needed. It is compact, 
measuring 7.375 x 5.75 x 3.375 inches 
(18.73 x 14.6 x 8.57 cm), and weighs 
4 pounds (1.8 kg). The kit version, 
RRK, recommended only for inter¬ 
mediate to advanced builders, costs 
$189.95. The wired and tested ver¬ 
sion, RRF, is $269.95. An optional 220 
Vac, 50/60 Hz transformer is avail¬ 
able for an additional $6.00. Shipping 
and handling in the Continental 
United States is an additional $5.00. 
Shipments are made worldwide and 
requests for quotes are invited. Con¬ 
tact Microcraft Corporation, P.O. 
Box 513, Thiensvllle, Wisconsin 
53092. 


Spectrum 

Communications vhf 
transceivers 

Spectrum Communications Corpo¬ 
ration has introduced its Professional 
Communications Line of base-station 
and mobile transceivers. 



The PCL250 mobile unit and the 
PCL300 base station are 30-watt 
(nominal) transceivers covering the 
136-174 MHz range. Features in¬ 
clude: excellent receiver sensitivity 
(0.3 /tV), very wide receiver dynamic 
range for superior intermodulation re¬ 
jection, eight-pole crystal filters and 
four-pole ceramic filters, "super-rug¬ 
ged" housing (1/8" aircraft alumi¬ 
num), six channels, and high quality 
design, components, and workman¬ 
ship throughout. 



The PCL300 base station has a 
built-in ac power supply with optional 
auto-switchover to dc battery power, 
front-panel status indicator lights, 
optional receiver scanning function, 
pre-amp desk or hand-held micro¬ 
phone, and wood grain housing. 

For further information, write 
Spectrum Communications Corp., 
1055 W. Germantown Pike, Norris¬ 
town, Pennsylvania 19401. 
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heavy-duty line filters 

New heavy-duty, ac power-line fil¬ 
ters that handle up to 15 amperes 
have been introduced by the J.W, 
Miller Division of Bell Industries in 
Compton, California. 

Sensitive equipment can be pro¬ 
tected from interference by these fil¬ 
ters. They are ideal for preventing 
power-line interference from virtually 
all sources such as copying ma¬ 
chines, small computers, and appli¬ 
ances. 

Model C-515-L1 (110-120 Vac) and 
Model C-516-L2 (220-240 Vac) five- 
section LC-network filters provide 50 
dB attenuation or better for 500 kHz 
to 300 MHz. 

In use, the equipment causing the 
interference is plugged into the filter, 
and the filter is plugged into an ac 
outlet. Also, the filter can be plugged 
in between equipment to be pro¬ 
tected and the ac power. 

Additional information may be ob¬ 
tained from Jerry Hall, J.W. Miller 
Division, Bell Industries, 19070 Reyes 
Avenue, Compton, California 90221. 



Antenna Tuner 



New low profile design. 


Here is the famous Palomar Engineers high power tuner in a new 
compact size. Only 5V2” x 14” x 14” yet It has all the features, 
works from 160 through 10 meters, and works with coax, single wire 
and balanced lines. And it lets you tune up without going on the air! 

WE INVESTIGATED 

All tuners lose some rf power. We checked several popular tuners to 
see where the losses are. Mostly they are in the inductance coil and the 
balun core. 

So we switched from #12 wire for the main inductor to ’/«’’ copper 
tubing. It can carry ten times the rf current. And we’ve moved the balun 
from the output, where it almost never sees its design impedance, to 
the input where it always does. Thus more power to your antenna. 

IMPOSSIBLE FEAT 

The biggest problem with tuners is getting them tuned up. With three 
knobs to tune on your transceiver and three on the tuner and ten 
seconds to do it (see the warning in your transceiver manual) that’s 1 '/> 
seconds per knob. 

We have a better way; a built-in 50-ohm noise bridge that lets you set 
the tuner controls without transmitting. And a switch that lets you tune 
your transmitter into a dummy load. So you can do the whole tuneup 
without going on the air. Saves that final; cuts QRM. 

BROCHURE AVAILABLE NOW 

For further details on this exciting new high-power low-loss, easy-to- 
use tuner send for our new brochure. Or visit your Palomar Engineers 
dealer. 

Model PT-3000, $349.50. To order send $10.00 shipping/ 
handling. California residents add sales tax. 



Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [7114] 747-3343 
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Handful of POWER 


Ask about our 50 
and 100 watt 
amplifiers for 
use with 
low-power 
hand-held 
radios! 



Give your low-power 2-meter rig real punch by 
delivering a potent 25-waII signal with only two 
watts of drive (also available set up tor 200 
mllli-watts drive). Compact and convenient to 
mount VoCom's Model 2C025 is ideal tor car, 
boat, or anywhere you've got a 12 VOC source. 
At only $84.95 ($99.95tor 200 mWdrive), it's 
the perfect companion tor your Drake, En- 
comm. Henry, Icom, Kenwood, Motorola, Stan¬ 
dard, Wilson, Yaesu or other 2-meter FM port¬ 
able! 

• .2 or 2 watt nominal drive (specify) 

• 2 watt modal delivers 15-20 waits with 
only one watt of drive 

• 10 MHz bandwidth for CAP or MARS 

• Meets all applicable FCC specifications 

• 200 mW drive model permits operating 
Icom IC-2A or Yaesu FT-207R on their 
battery-saving low-power mode 

• Only $84.95 ($99.95 for 200 mW drive) 


1981 

A 
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A L 
L 

L H 
B A 
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Mom Box 219. Prospect Heights, II 60070 
PRODUCTS CORPORATION (312] 459-3680 


SOON 



I PAY CASH 

for your military surplus electronics 
If you have or know ol availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 

Dave-(213) 760-1 ODD 



mmmitmsi] 

Tj^<miTO4[r 

POSITIVE TOUCH (KEYS DEPRESS) • MOBILE • 
HANDHELD • POSITIVE MOUNT • NO RFI • NO POTTED 
PARTS (SERVICEABLE) • MIL-SPEC COMPONENTS • 
SELF CONTAINED • XTAL CONTROLLED • LEVEL 
ADJUSTMENT FROM FRONT • 4.5 - 60 V.D.C. • WILL 
OPERATE ANY SYSTEM • LETTERING OPTIONAL 

Supplied with: Instructions, schematic, template, hardware. 
PP-1A designed lor Standard Communications Handhelds. 
(California orders add 6% sales lax.) 
llfe'K _ PP-1 = S49.00 PP-2 = $53.00 PP1-A = S58.00 
PP-1K = S55.00 PP-2K = S59.00 


Send For Complete Dealers List & Catalog 

PATENTED _ <8> AT&T 
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KLM circularly 
polarized antenna 

KLM's new 420-450-18C antenna 
will bring all the advantages of circu¬ 
lar polarity to the uhf bands. Flutter 
and multipath fading can now be re¬ 
duced for optimized satellite and ter¬ 
restrial communications. For efficient 
use of the new Phase lll-B OSCAR 
satellite, the 18C will be a virtual ne¬ 
cessity. Its broadband character, in 
the KLM tradition, also permits the 
18C to meet the critical needs of DX- 
ers, ATVers, and the 440-450 FM 
group. According to KLM, gain is 
conservatively rated at 12 dB. 



New design and construction tech¬ 
niques have been used to meet the 
strict electrical requirements for good 
circularity at uhf. The reflector and di¬ 
rector elements of the 420-450-18C 
pass through the center of the boom 
and are secured with integral polyeth¬ 
ylene insulators and locking snap- 
rings. Folded dipoles are used for the 
driven elements. They provide excel¬ 
lent bandwidth and maintain perfect 
element symmetry. Circularity is held 
within 1 dB, 430-440 MHz, and 3 dB, 
420-450 MHz. 

Electrically, the 18C has nine ele¬ 
ments in the vertical plane and nine, 
offset by 1 /4 wave, in the horizontal 
plane. Feed impedance of each sec¬ 
tion is 50 ohms balanced. Two coax¬ 
ial baluns are supplied. 

The optional CS-2 Circularity 
Switcher, mounted on the antenna, 
features fingertip control of circularity 
(RHC-LHC) in the shack and a built-in 
power divider, for single-feedline 
convenience. 

Price of the 420-450-18C is $59.95; 
the CS-2 is $49.95. For more informa¬ 
tion on the 18C and other Phase III re¬ 
lated products, contact KLM Elec¬ 
tronics, P.O. Box 816, Morgan Hill, 
California 95037. 
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microprocessor 
controlled repeater 

A line of repeaters covering the 
144, 22Q, and 450 MHz bands has just 
been introduced by Micro Control 
Specialties. The new Mark 3CR re¬ 
peaters combine all the features of 
the popular Mark 3C repeater control¬ 
ler plus transmitter, receiver, and 
power supply in a rack-mount cabi¬ 
net, ready for immediate service. The 
microprocessor-based repeater pro¬ 
vides. 39 tone-accessible functions, 
including autopatch, autodial, redial, 
reverse patch, external outputs, and 
secure control-operator commands. 
Crystal-controlled digital tone-decod¬ 
ing assures stable and reliable func¬ 
tion access. To keep users informed 
of its status, the repeater generates 
thirteen different Morse messages, 
several of which are custom pro¬ 
grammed to user specifications. 
Basic repeater operations such as 
timeout, tail, and ID timing are also 
directed by the microprocessor so the 
repeater can discriminate intelligently 
against noise and "kerchunkers." 
Several operations can be modified 
remotely by command functions. 

The repeater receiver uses dual¬ 
gate MOSFETS in both rf amplifier 
and mixer stages for high sensitivity 
(20 dB quieting with only 0.25 pV of 
input signal) and freedom from over¬ 
load in the presence of 0.5-volt sig¬ 
nals. Crystal filtering and double con¬ 
version are both used to obtain 65 dB 
rejection of off-frequency signals. 

Transmitter output is 2 watts, but 
optional amplifiers are available to in¬ 
crease the power output to any de¬ 
sired level. Transmitter and receiver 
oscillators are temperature compen¬ 
sated to meet commercial frequency- 
stability requirements. The audio cir¬ 
cuits combine generous amounts of 
feedback with symmetrical clipping 
for virtually transparent audio quality. 

For further information, write 
Micro Control Specialties, 23 Elm 
Park, Groveland, Massachusetts 
08134. 


ICM TV-4200 



International incorporates advanced 
/IMHtp technology at its best in a fully pack- 
r ‘ ** aged and assembled receiver covering all 
satellite channels 3 7-4.2 GHz band. Standard dual 
audio outputs provided at 6.2 and 6.8 MHz. Other 
available. 


FULLY TUNABLE 

Covers all satellite channels 
3.7-4.2 GHz band. 

DUAL AUDIO OUTPUTS 

6.2 and 6.8 MHz audio standard. 

Others available. 

EASY TO USE 
Simple tuning 
Built-in LNA power supply 
Output levels compatable with 
video monitor or VTR input. 


The ICM TV-4200 Satellite 
Receiver is completely assem 
tuner control circuitry and 
Shipping Weight 12 lbs. 


OPTIONS i Availability lo be announced) 

AFC 

Remote tuning 
Additional audio frequencies 
DIMENSIONS 
4K 2 Hx 14/aWx 12D 



and includes power supply, 
ier cable. Available now. 


PRICE $1,995 1-9 QUANTITY 



INTERNATIONAL CRYSTAL MANUFACTURING CO., INC. 
10 N Lee. Oklahoma City. Oklahoma 73102, 405-236-3741 
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FREE! 

RADIO AMATEURS 

WORLD ATLAS 

with purchase of famous 

CALLBOOK 

MAP LIBRARY! 




Here’s an offer you can't refuse! You 
receive three, information-packed, Ama¬ 
teur Callbook maps, folded, plus the 
World Atlas for only $4.50 plus $1.50 
shipping and handling. If purchased 
separately, total value of map/atlas offer 
would be $7.50 plus shipping. You save 
$3.00 and get these invaluable radio 
amateur aids! 

1 . Prefix Map of the World .folded. 
World-wide prefixes. Shows 40-zone 
map on one side, 90-zone map on the 
other. Size 40" x 28" 

2. Map of North America, folded. 
Includes Central America and Carib¬ 
bean to the Equator. Shows call 
areas, zone boundaries, prefixes, etc. 
Size 30"x25" 

3. Great Circle Chart of World, folded 
Centered on 40°N, 100° W. Shows 
cities, latitude, longitude, great circle 
bearings and more! Size 30 * x 25 * 

Plus special FREE bonus! 

The Callbook's own Radio Amateur 
World Atlas, FREE with the purchase of 
the 3 maps. Contains eleven full color 
maps of the world, looking at things from 
the radio amateurs point of view. 



I Ala ska Microwave L abs | 
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| DUAL GATE MOSFET 
COAX CONNECTORS 1 


FEED-THRU CAPACITORS 



;3r| Coming Events 


IEW HAMPSHIRE; C.V.F.M. Hamfeat on Sapte 
11 ha King Ridge SKI Area, Sutton, NH (follow i 
f 1-93). Admlaalon; S3.00. Giant flea marKet, fl 
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COD—VISA—MASTERCHARC1E 


NEW 
FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built In TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at 9119.95. 
Now available In KIT FORM - 
GLB Model 200 MINf-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
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RADIOKIT 
Is Back 


□ Amphenol connectors 

□ 8&W colls and switches 

□ Chassis and enclosures 

□ Coaxial switches 

□ Jackson dials and drives 

□ J.W. Miller parts 

□ Knobs and shaft couplers 

□ Mlllen components 

□ Padders and variable capacitors 

□ Resistors, capacitors, Inductors 

□ Rollerlnductors and dials 

□ Semiconductors 

□, Toroids, cores and beads 

□ Wire and cable 

KITS: Split-Band Speech Processor 
(hr. 9/79), 40-Meter Transceiver (hr. 
4/80), HF Noise Bridge (hi. 2/77). IARU 
Rx and Tx (QST. 4/78 & 12/78), WUR 
Broadband Baiun (hr. 9/78), 

Memory Accu-Keyer (hr. 4/79), and 


NEW SEPTEMBER CATALOG 


RADIOW 


NEW YORK: Yonkers Amateur Radio Club's annual Ilea 
market and Hamlest at Redmond Field In Yonkers, New 
York, on October 5, rain dale: October 12. 9:00 A.M. - 5:00 
P.M. Door prizes every hour and a slant final door prize. 
Giant auction starting el 3:05 P.M. Free parking, refresh¬ 
ments, picnic tables and more. Bring the family. For all 
Hams, CB'ers, SWL'ers, HI-FI'ers and Comp-Bults. Ad¬ 
mission: $1.50 per person. Under 12 free. Sellers: $3.00 
per parking space. Talk-ln on 146.8B5/.52 simplex. 
CB'ers, Channel 4 al 8:00 A.M. Advanced registration 
and more Info: (914) 969-1053 (after 3:00). Ask for Otto. 

IOWA: Cedar Valley Amalour Radio Club's hamlest on 
October 5th at the Hawkeye Downs Exhibition Hall In 
Cedar Rapids. Technical talks, large Ilea market, manu¬ 
facturers and dealers. Tickets: $2.00 advance, $3.00 at 
door. Write CVARC Hamtesl, Box 994, Cedar Replde. IA 
52406. 

ALABAMA: Calhoun County Amateur Radio Assocla- 
llon's hamfest on September 27 and 28 at the Municipal 
Auditorium, 1128 Gurnee Ave., Anniston, Alabama. 9 AM 
6 PM on Selurdey and 9 AM - 3 PM on Sunday. Free ad¬ 
mission, parking, bingo, and overnight self-contained RV 
parking. Over 6,000 sq. ft. alr-conditloned exhibit area 
Hourly drawings and final drawing on Sunday tor great 
grand prizes. Donations tor door prizes: $1 or 6 for $5. 
Talk-ln on 69/09. Tables: $3.00 tor one day. $5.00 for both. 
Contact: CCARA, P.O. Box 1624, Anniston, AL 36202. 
(205)620-3619. 

TEXAS: Houston Con-Ventlon 80 on October 3-5 at the 
Marriott Brookhollow Hotel, Houston. Texas. Commer¬ 
cial exhibitors, technical sessions, DX and contest activ¬ 
ities. covered flea market, banquet, transmitter hunt, and 
much more. Host: Texas DX Society. Banquet Bpeaken 
Roy Neal. K6NUE, science editor tor NBC news. Special 
hotel rate of $30 per day per room (four people) tor con¬ 
vention attendees. Plenty of parking. More Info: HHC, 
P.O. Box 79252, Houston. TX77024. 

LOUISIANA: New Orleans Hamtest-Computerfest (AMA- 
COM '80) on October 10-12 at the Airport Hilton Inn, Ken¬ 
ner, Louisiana, across tne street from me New Orleans 
International Airport. One of the largest gatherings of 
electronics hobbyists In the Deep South. 

ILLINOIS: Sangamon Valley Radio Club's hamlest on 
September 28th at the Sangamon County Fairgrounds, 
New Berlin, l2mlleswestof Springfield on RI.38. Indoor 
display and covered pavilion. Randy Rowe, NflTG talks 
on the Navassa DXpedlt lonl Exhibits, kids activities end 
.. Overnight camping. First prize: Kenwood 


OCTOBER 

Features in 


• Voice Band 
Equalizer 

• 40 M Quad 

• Transmission Lines 

• Antenna Radials 

• And More! 

Don’t miss the exciting Oc¬ 
tober issue. Available soon in 
your local radio store. Not 
there? Then subscribe today. 
Just $15 for 12 big issues. 

HAM RADIO 

GREENVILLE, NH 03048 
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We receive many articles dealing with microprocessors and microcomputers. Only a few of these 
articles, however, are published in ham radio. Here's the explanation. 

We are certainly interested in the digital world. Like it or not, digital technology is here to stay. A 
recent article in Ham Radio HORIZONS by Doug Blakeslee, N1RM, pretty well sums it up {HRH, 
October, 1980). 

For ham radio magazine, our policy is to publish computer articles only if they are Amateur-Radio 
oriented. We don't publish fun-and-games articles. We're interested in articles that put the computer 
to work in the Amateur station. These are the kinds of things we're interested in: 

t. Dedicated or single-purpose micropfocessor-based circuits such as keyers, displays, decoders, 
and data bases, to name a few. 

2. Interface of the popular microcomputer systems, such as the TRS-80, APPLE II, or PET with Ama¬ 
teur Radio stations. 

3. Use of newer, more sophisticated programmable calculators to solve Amateur Radio problems. 

These criteria are not a change in our policy at ham radio but rather a clearer statement of our re¬ 
quirements. 

Now for the bad news. If your computer or calculator article contains long program or output list¬ 
ings, these listings must be suitable for direct reproduction. This means that the printouts must be 
clean and clear enough so that photographic reproduction can be accomplished directly from your 
printouts. The task of setting your printouts in type is a formidable one; it is expensive, prone to type¬ 
setter errors, and requires extensive proofreading. With a long listing {and we have received quite a 
few), this problem can be really devastating from a publishing standpoint. 

A case in point: suppose your article has a listing or output from a thermal printer. Most of these 
printouts, especially those from portable calculators, are worse than useless for direct photography. 
The print paper is fugitive; that is, the copy fades with time and exposure to light. If you must use 
this kind of printout, immediately get a photocopy before the original fades to oblivion. Send the 
clean, high-contrast copy with your article. Do not send the thermal printout. 

A few tips for handling thermal printouts: 
t. Do not allow the printout to be exposed to sunlight. 

2. Especially avoid exposure to fluorescent lights. 

3. Most paper is treated with polyvinyl alcohol. Do not store the tape in or near other vinyl material. 

4. Do not mount printouts with any adhesive tape. A chemical action causes disastrous results. A 
recommended adhesive is "Glu Stic"TM from Faber Castell. 

5. Try to use printing tape that prints out in black, not blue (publishing cameras have difficulty with 
blue). 

A last tip: Please make certain you have copied the final program or output. A "bug" can remain 
hidden for months and become embarrasing for all. Ask a friend to do your program to see if it is 
"bomb" proof. 

These recommendations were suggested by Dave Buren, N2GE, and associate editor Len 
Anderson. 

Authors who keep these tips in mind will stand a better chance of having their work published in 
ham radio. There are all sorts of fascinating applications. Send 'em in! 

Alf Wilson, W6NIF 
editor 


4 SB October 1980 



, r comments sealin 9 coaxial 

C/.5. , connectors 

A^\ V I Dear HR: 

fli, Regarding the short article, "Seal- 


1 


amateur band intruders 

Dear HR: 

I view with great alarm the ever in¬ 
creasing intrusions upon the Ama¬ 
teur 20-meter CW band by Russian 
and Soviet bloc military CW radio sta¬ 
tions, in direct violation of the ITU 
rules and regulations. I have moni¬ 
tored them on many occasions. These 
stations use CW with the additional 
Russian characters, and their traffic is 
transmitted in 5-character random 
groups normally associated with cy¬ 
phering. In addition, the operators 
use international Q and Z signals re¬ 
served for military use. 

The transmitters I have monitored 
exhibit the typical chirp/drift signals 
usually associated with Russian 
transmitters. I have found the in¬ 
truding signals originate on a true 
bearing between 010 and 030 degrees 
from my station, signal strength is 
between S-5 and S-7, and the fre¬ 
quencies are usually between 14,060 
and 14,095 kHz. 

I hope this letter will make more 
Radio Amateurs aware of this impor¬ 
tant problem, and that the FCC and 
our ITU representatives will be suc¬ 
cessful in preventing further illegal 
use of the Amateur bands. 

Carl Spikes, W5SAD 
Gulfport, Mississippi 


ing Coaxial Connectors," on page 64 
of the March, 1980, issue of ham 
radio, I agree with Mr. Wheaton that 
silicone seal doesn't work well, but 
PVC electrical tape is by no means 
adequate either. 

Here in Oregon, where weather is 
quite wet during the winter and cold 
temperatures with snow and ice pre¬ 
vail in the mountains (where I live), 
better methods must be found. Also, 
coaxial cable tends to "breathe" from 
warm to cold weather and draws air 
into itself, including any moisture in 
the air. 

The best way I have seen of pre¬ 
venting this is to use rubber, self-vul¬ 
canizing Electrical Splicing Tape. A 
good seal is provided with one coat of 
tape; over this, to protect it from sun¬ 
light, should be a layer of PVC electri¬ 
cal tape (the rubber tape will decay if 
exposed to sunlight). Cracking takes 
one to two years, so allows plenty of 
time for annual antenna maintenance 
(which should be done anyway). 

Before installing electrical splicing 
tape, stretch it to 1 % to 2 times its 
original length. Then wrap the entire 
coaxial fitting, leaving no gaps or 
open spaces. In winter, cover the 
wrapped connector with your hand 
for three to four minutes to warm it 
and initiate vulcanizing action (not 
necessary during summer). Then 
cover the rubber tape with one layer 
of PVC electrical tape. 

Working as a radioman here in Ore¬ 
gon, I have radio base stations in 
some of the worst places for weather 
this side of Alaska I At one site in 
northern California, I have two anten¬ 


nas treated with this tape. Conditions 
are such in winter that winds as high 
as 70-80 mph prevail, with ice as 
much as six inches thick on the tower 
and coaxial feedlines. Inspection dur¬ 
ing the summer shows only minor 
contamination of the coaxial fittings, 
and this can be quickly cleaned out 
with Print Coat Solvent. 

Jim Foster, K7ZFG 
Klamath Falls, Oregon 

auto-product detection 

Dear HR: 

I was very interested in K4UD's 
auto-product detection article ( ham 
radio, March 1980). Some six or 
seven years ago I supervised a stu¬ 
dent project on DSB at Southall Col¬ 
lege of Technology. We used an 
MC1496 as the squarer and regener¬ 
ated the double frequency carrier 
with a 567 phase locked loop. We ob¬ 
tained excellent results. One oper¬ 
ating hint for anyone who is prepared 
to transmit DSB is not to suppress the 
carrier too well. If you only reduce it 
to about 20-25 dB below peak enve¬ 
lope power it will help keep a PLL re¬ 
ceiver in lock during modulation 
pauses. 

DSB certainly simplifies the design 
of transmitters — both in the areas of 
frequency stability and complexity — 
and, I think could have considerable 
application in VHF/UHF hand port¬ 
ables. (NBFM is wasteful of transmit¬ 
ter battery power as there is a full 
drain on the battery as soon as the 
press-to-talk switch is operated. 

By the way, it isn't too difficult to 
modify old-style AM transmitters 
with parallel output tubes (like the 
DX100) for DSB and perhaps give 
them a new lease of lifel 

Joe Hill, G3JIP 
Gerrards Cross SL98NS, England 


6 (ffl October 1980 



presstdp 


HAM RADIO MAGAZINE’S MEW EDITOR is Alf Wilson. W6NIF, who had joined the staff earlie 
this summer as technical editor. Alf, who'd long been one of HAM RADIO 's principal assi 
tant editors under former Editor in Chief W1HR, came to New Hampshire to help out during 
the difficult period following Jim's death in April. Happily for HAM RADIO , he's now de 
cided that he likes both the job and New Hampshire well enough to stay on. 

Concurrently. Tom McMullen, W1SL , has been named editor of Ham Radio HORIZONS . Tom 
was promoted from managing editor in recognition of his fine work in the recent redirec¬ 
tion of Ham Radio HORIZONS toward the mainstream of Amateur Radio. 

" OPEN CHANNEL" IS THE NAME proposed for the "nited Kingdom's CB-type service, to be 
situated just above 900 MHz. Discussions have been going on for some time among Western 
European nations concerning a UHF CB service, and West Germany proposed assigning 928- 
930 MHz to such a service in Geneva last year. As NATO frequency coordination also in¬ 
volves the United States and Canada, this British proposal could well indicate the spec¬ 
trum slot and direction for an internationally recognized UHF CB service. 

What This Might Mean to the Amateur service isn't at all clear at this time. In the 



and RACES as well now circulating with 
aft doesn't run into too much trouble, it's possible it cc 
ion. Plain English rules for both the CB and VHF Marine Se 
and the final version of the Radio Control rules should t 
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long transmission lines 


for optimum 
antenna location 

This article is for the Amateur who has located 
the ideal antenna site, but finds that it is too far from 
the transmitter to be reached in a technically accept¬ 
able fashion with coax-cable transmission line. An 
ideal site, of course, is that part of your property that 
slopes downward in all directions. 

What is "technically acceptable?" Let's assume 
you have a three-element Yagi with traps that permit 
operation on 20, 15, and 10 meters. The Yagi has a 
nominal gain of 8 dB on these bands. As the coaxial 
transmission line is made longer, the antenna-system 
gain (antenna plus line) becomes lower. At 30 MHz, 
RG-8/U line, for example, has a 1-dB loss 1 for every 
100 feet (30.5 meters) neglecting losses caused by 
standing waves (that is, standing-wave ratios greater 
than 1). If the ideal site is 500 feet (153 meters) from 
the operating position, a transmission loss of at least 
5 dB can be expected. This leaves an antenna-sys¬ 
tem gain of 3 dB.* A 5-dB loss would be technically 
unacceptable. 

open-wire line 

The solution would be either to locate the trans¬ 
mitter at the antenna site or to reduce the transmis¬ 
sion line losses substantially by using an open-wire 
line, which has an attenuation of 0.1 dB per 100 feet 
(30.5 meters). Thus the antenna could be removed 
1000 feet (305 meters) from the transmitter with the 
same loss as one fed by coax cable located 100 feet 
(30.5 meters) from the transmitter. 

When discussing open-wire lines, one immediately 
thinks of a two-wire line that can be constructed with 
2-inch (51-mm) to 6-inch (152-mm) spreaders using 
wire sizes of No. 8 to 22. 3 With the various combina¬ 
tions permitted, line characteristics of 325-800 ohms 
can be constructed. However, 325 ohms impedance 
is higher than desired because, ultimately, the line 
must match a 50-ohm output impedance from the 


transmitter and probably a 50-ohm input impedance 
to the antenna. 

the four-wire line 

Although commercial high-frequency communi¬ 
cators have used four-wire transmission lines exten¬ 
sively, little use of them has been made by Amateurs 
when open wire lines are needed. Their use in trans¬ 
mission-line runs, however, provides considerably 
lower characteristic impedances. A 200-ohm line 
using four No. 14 (1.6-mm) wires on a 0.9-inch (23- 
mm) diameter can be easily made. 4 This type of 
balanced feeder has been extensively applied where 
feeder lengths exceed one-half mile (0.8 km). Its rela¬ 
tively low impedance makes this type less susceptible 
to the irregularities introduced by insulators and 
switching arrangements. It has high-power transmis¬ 
sion capacity for the amount of copper used, and its 
attenuation can be less than that of two wire feeders. 

Four-wire lines may be either side connected or 
cross-connected, and such connections are made at 
both ends of the line. A common arrangement of the 
four wires provides a square when looking at the 
cross section of the line (fig. 1). Side-connection is 
shown in fig. 1A, where the two side wires are con¬ 
nected together vertically at each end of the line. 
Cross-connection is shown in fig. IB. 

Cross-connected lines have a smaller external field 
than the equivalent side-connected line and therefore 
have lower pickup when used for receiving. 5 This 
type of line was used extensively at the RCA overseas 
receiving station, Riverhead, Long Island. In a private 
communication with Marshall Etter, W2ER, chief 
engineer of that now inactive installation, I learned 
that a four-wire line, handled properly, can out per¬ 
form coaxial lines in terms of reduction of unwanted 
pickup. 

Transmitting loss is not as low in four-wire line as 
in a two-wire line with large copper conductors, but 
the loss is probably negligible in relatively short lines, 
of say 500 feet (153 meters). 



By Henry G. Elwell, Jr., N4UH, Route 2, Box 
20G, Cleveland, North Carolina 27013 
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The insulation loss in a cross-connected, four-line 
would be about proportional to the relative charac¬ 
teristic impedances; but since more insulators are 
required in parallel in its construction than in the side- 
connected line, overall insulator losses are usually 
greater. It's therefore not as desirable for trans¬ 
mitting purposes as is the four-wire, side-connected 
line using the same amount of copper. Its principal 
use is for receiving, in which its performance is out¬ 
standing. 

When a square cross section feeder with side-con¬ 
nections is used, the characteristic impedance is 
equal to that of a pair of two-wire feeders in parallel, 
each having a spacing equal to the diagonal of the 
four-wire line. Each diagonal pair is in the neutral 
plane of the other with no intercoupling. Double 
power rating is therefore obtained on one set of sup¬ 
ports and insulators, and the characteristic impe¬ 
dance is one-half that of one pair. 

It's interesting to see the difference in impedance 
and attenuation between a side-connected and 
cross-connected line using the same insulators. Con¬ 
sider a four-wire line using the cross section of fig. 1. 
For the side-connected line, characteristic impe¬ 
dance, Zo is calculated from: 

Z 0 = 138log t0 (^) (1) 

where a is the distance between wires (inches), and p 
is the radius of the wire (inches). 

For the cross-connected line, the characteristic 
impedance is 

Z 0 = 138logio & 


For those wishing to design their own four-wire 
system, the equation for spacing for cross-connec¬ 
tion would be: 



Table 1 shows the characteristic impedances for 
the two configurations using a spacing, a, of 1.28 
inches (32.5 mm) and No. 14 (1.6-mm) bare copper 
wire, with a radius, p, of 0.032 inch (0.8 mm). These 
were the constants used in the construction of the 
four-wire line for this article. 

table 1. Comparison of side and cross-connected four-wire 
transmission line. 

attenuation: 

input impedance dB/IOOOfeet (306 meters) 
configuration (ohms) copper only total 
side connected 242 1.48 2.04 

cross connected 200 1.79 2.48 

The losses in a feeder are the sum of copper loss, 
earth return loss, insulation loss, and loss caused by 
direct radiation. Radiation loss from a matched 
feeder is usually so small as to be negligible for care¬ 
fully designed systems; the loss is always very small 
with respect to all other losses for almost any type of 
feeder. Insulation loss in a well-designed system is 
also a minor quantity, except in long feeders in the 
high-frequency range. Measurements made on two- 
and four-wire balanced lines 5 show that, for a 550- 
ohm, two-wire line, insulation and other losses are 
about 70 per cent of the copper loss; for a 320-ohm, 
four-wire line, that number is about 22 per cent at 
20 MHz. 



fig. 2. Details of the four-wire insulator, which is made of 
ceramic material and is secured by a lag bolt. 
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The attenuation of a four-wire balanced line is: 


(copper loss) att 


2.17 (ffin MHz) 
p in inches (Zq) 


and the approximate total attenuation for typical 
construction is: , 

Hr « 


If p dimensions are in millimeters instead of inches, 
the constants preceding the radical signs in the 
numerators of eqs. 4 and 5 should be replaced by 
53.9 and 74.9 respectively. The attenuation for the 
two constructions isalso shown in table 1 for 28 MHz. 

The side-connected, four-wire transmission line 
was used in this project because I thought the trans¬ 
mitting characteristics were of greater importance 
than the receiving ones. 

The dimensions of the four-wire insulator used in 
the project are shown in fig. 2* It's made of a 
ceramic material called Isolantite and is secured by a 
galvanized lag bolt. The insulator could also be made 
from Micarta or Lucite. 


selecting the optimum site 


In some cases, an Amateur can look at his proper¬ 
ty and say, "The beam goes on top of the hill." In 
most cases, the subtlety of the terrain requires that a 
survey be made of property elevations. By a survey, I 
mean studying the maps of your area available from 
the United States Department of the Interior Geolog¬ 
ical Survey. 

using USGA charts 

The Geological Survey has a series of standard 
topographic maps that cover the United States, 
Puerto Rico, Guam, American Samoa, and the Virgin 
Islands. Under the plan adopted, the unit of survey is 
a quadrangle bounded by parallels of latitude and 
meridans of longitude. Quadrangles covering 7V4 
minutes of latitude and longitude are published at the 
scale of 1:24,000. Quadrangles covering 15 minutes 
of latitude and longitude are published at the scale of 
1:62,500. 

Each quadrangle is designated by the name of a 
city, town, or prominent natural feature within it. On 
the margins of the map are the names of adjoining 
published quadrangle maps. The maps are printed in 
three colors. Features such as roads, railroads, cities, 
and towns (as well as all lettering) are in black ink; 
water features are in blue, and features of relief, such 
as hills, mountains, and valleys, are shown by brown 
contour lines. 

The contour interval varies with the scale of the 
map and the characteristics of the country. On maps 


that contain supplemental information, additional 
colors are used, such as green for woodland areas 
and red for highway classification, urban areas, and 
U.S. land lines. A booklet describing topographic 
maps and symbols is available free upon request. 

The extent of coverage of each map is shown on 
the index map. All quadrangles for which published 
maps are available have a quadrangle name, publish¬ 
ing agency (if other than the Geologocial Survey), 
and the date or dates of survey, also printed in black. 
Further information concerning maps may be ob¬ 
tained from the Map Information Office, Geological 
Survey, Washington, D.C. 20244. 

An inquiry to the above address might request an 
"Index to Topographic Maps of (name your state)." 
You'll receive a folder which contains a chart of your 
state overprinted with all the available quadrangles, 
identified by name. The folder will also contain a 
description of other special charts you can purchase. 
Order the quadrangle featuring your property and 
perhaps those charts adjoining. 

On the Cool Springs, North Carolina, quadrangle 
that I used, terrain elevations every 10 feet are 
shown.t All roads and buildings, including individ¬ 
ual homes are shown, making it simple to identify the 
desired property and its boundaries; the scale is 1 
inch = 1,000 feet. Fig. 3 shows a portion of the Cool 
Springs, North Carolina, quadrangle in the vicinity of 
my property. 

It's desirable to enlarge the area of interest as 
much as possible. By making successive enlarge¬ 
ments of the chart, I obtained a copy in which 1 inch 
represented 500 feet (fig. 4). A commercial repro¬ 
duction office should be able to supply the same 
service. 

My property boundaries, including the transmitter 
location, are placed on the topographical map and 
the best location for the antenna is then determined. 
It would appear that the best location for my tower 
would be directly to the northwest at the 800-foot 
(244-meter) level. Unfortunately a 2,200-volt line on 
30-foot (9-meter)-high poles follows the course of 
the farm road, shown dotted, all the way to the 
house. I decided to place two towers to the rear of 
the house on or near the 790-foot (241-meter) eleva¬ 
tion. This provided my optimum location so far as 
terrain as well as distance between antenna and 
power lines was concerned, 
transmission line poles 

With the location of the towers established on the 
topographical map, a property survey drawing on a 
1-inch = 200-foot (1 cm = 61 meters) scale was 


•Marshall Etter, W2ER, 16 Fairline Drive, East Quoque. New York 11942, f USGS hasn't yet provided charts with metric equivalents. But that will 

has a limited number of insulators available at $1,00 each plus postage. probably change. Editor. 
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made to obtain distances from house to towers (fig. 
5). Then the number and spacing of transmission line 
supporting poles were determined. I found that the 
four-wire transmission lines would have to be 425 
feet (130 meters) to one tower and 400 feet (122 
meters) to the other tower. 

W2ER states that, in early lines, poles were all 
about 25 feet (7.6 meters) apart, but in later years a 
staggered spacing from 20-30 feet (6-9 meters) was 
used to prevent recurring discontinuity at poles from 
resonating at some certain discrete frequency. To 
minimize the discontinuities, a copper shield, shown 
in fig. 6, was placed to cover three sides of the line at 
each insulator. (These shields were not used in this 
project.) 

Pole spacing. I decided on 70-foot 121-meter) pole 
spacing for economy. While not a mistake it required 
greater wire tension than originally used to prevent 
twisting under high wind conditions. The additional 
tension requirement was noted after I traced an 
antenna system malfunction to a tangle on the four- 
wire transmission line after a wind storm. The wider 
separation also produced a fluctuation of SWR read¬ 
ings with heavy wind. From an operational stand¬ 
point I've had no noticeable additional problem. 

Height. Insulator height above ground was selected 



to be 12 feet (3.7 meters) to permit farm equipment 
to pass underneath. Twelve-foot-high (3.7 meters) 
treated poles were used (fig. 7). 

Stress. Although there are no stresses on the inter¬ 
mediate poles, other than from wind, there are high 
stresses on the end pole. This pole should be a single 



piece if possible. To maintain the 12-foot (3.7-meter) 
height, it was necessary to use a 3-foot (0.9-meter) 
length of lumber cut as shown in fig. 8. The end pole 
must be guyed as shown and from the level at which 
the transmission line terminates. The objective is to 
minimize stresses on the pole and have the guy coun¬ 
teract the pull of the transmission line. 

far-end physical termination 

Physical termination of the transmission lines is by 
individual turnbuckles for each wire. Fig. 8 shows 
the details. Each wire actually terminates on an insu¬ 
lator attached to the turnbuckle by wire. The turn- 
buckle is connected to a hook on the pole. 

The four lines are connected to eye bolts at the 
transmitter end and threaded through the many four- 
wire insulators to the terminating post. With the 
turnbuckle at maximum length, each transmission 
line is threaded through its end insulator and pulled 
as tightly as possible by hand. When all wires are 
installed, the turnbuckles are tightened for uniform 
tension on all wires. 

house termination 

A V6-inch (12.5-mm) lucite panel was used to tie 
the transmitting end of the line (fig. 9). Eye bolts 
were used to terminate the wires. The panel was 
secured to the house structure by lag bolts. It's very 
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4 insulators 

5 turnbuckles 

S hooks 

4 cable clamps 

1 14'x 4' (36 x 10 cm) wooden tray 

1 insulator clamp, homemade 

2 sets bolt, flat washer, nut 

1 pole to suit application 

fig. 8. Construction details of hardware used to termi¬ 
nate the antenna end of the transmission line. The end 
pole must be guyed as shown to minimize stress on the 
pole caused by the line. 


important to use flat washers on the panel bolts to 
distribute the load and to be sure the house structure 
selected is a primary member; the pulling force at this 
point is very high. 

To maintain proper spacing it's desirable for the 
wires to leave the termination at 90° to the panel; this 
is also the easiest way. If the wires must leave at a 
smaller angle because of the location of the house 
and antenna site, some trigonometry must be 
employed. 

Tie-post displacement. Look at fig. 10A, which 


shows a transmission line leaving at 90° and 45°. It 
can be seen that if the wires are connected against 
the house, distance A becomes less as the angle 
approaches 0°; that is, at 0° the wires are touching. 
It's necessary to move the left support out with 
respect to the right support to maintain the proper 
spacing. How do you determine how much to move 
the one support? 

Moving the support "out" can mean in either of 
two directions. The left wire shown in fig. 10B will 
maintain the 1-inch (25.4-mm) spacing at 45° if the 
support point is placed at point A or point B. 
However, if point A is used, the left side of the 
transmission line will be slightly longer than the right 
wire. Since it's just as easy to use point B, this is the 
one to be pursued. It's necessary to solve the equa¬ 
tion y = mx + b, where y is the vertical distance from 
0, m is the slope of the wire, x is the distance along 
the horizontal from 0, and b is the point on they axis 
where the left wire crosses it; that is, point B. 

To simplify the calculation, find x where y = 0. 
Dimension m is known from trig tables since m is the 
tangent of the angle between the wire and the sup- 
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port structure. For the left wire, x is the distance OA. 
We know the distance OC, which is the desired spac¬ 
ing, and we find CA by solving a right triangle CD A : 

sinL±= 


DC 


Thus A C = 

Therefore we can say that 
(x = OC- - 


, and x - OC-AC 


Going back to 31 = mx + b and substituting m and x 
aty = 0, 


finally: b = B = 

Example. Let's say the angle to the antenna from 
the house is 70°, and a spacing of 1.25 inches (31.8 
mm) is required, 

1.25 


?= - tan 70° [1.25- 
= 0.22 inch (5.6 mm) 


n 70° 


To calculate dimension B directly in millimeters, 
merely substitute the metric equivalent of 1.25 
inches, or 31.8 mm, into the above equation. There¬ 
fore the eyebolts for the left pair of wires must be 
displaced 0.22 inch (5.6 mm) farther from the termi¬ 
nating panel than the right pair of wires to maintain 
proper wire spacing. 

To complete the construction of the four-wire 
transmission line, solder each vertical pair of wires 
together at both ends to produce the arrangement 
shown in fig. 1A. If the design is for a cross-con¬ 
nected linq, diagonal wires would be connected. I 
used the side-connected arrangement even though 
the transmission line impedance is 242 ohms for the 
reason mentioned earlier. Some day I'll revert to the 
cross-connected arrangement to provide the proper 
match but am accepting the 1 . 2:1 mismatch at this 
time. 

impedance transformer — 
receiving and sending ends 

It's safe to say that all popular modern transceivers 
and linear amplifiers have an output impedance of 50 
ohms. Thus a 50-ohm-unbalanced-to-200-ohm 
balanced balun transformer is necessary: a 4:1 ratio. 

These are exciting times for those wanting to make 
their own baluns. After I constructed the system 
shown here, Joe Reisert, W1JR , 6 and George 
Badger, W 6 TC , 7 described highly efficient baluns in 
great detail that would be applicable for the design 
described in this article. 



Depending on your degree of purism in such mat¬ 
ters, you may settle for a commercial balun; refer¬ 
ences 6 and 7 spell out the consequences. Their work 
post dates my effort; I'd already gone commercial, 
with modifications. 

I purchased two kW 4:1 baluns from Caddell Coil 
Corporation, Putney, Vermont. Each balun coil is 
wound on two stacked toroids with a total dimension 
of 2 inches (51 mm) diameter, and 2% inches (57 
mm) in length. The two windings of the coil have fif¬ 
teen turns of No. 12 (2.1 mm) wire. 

This was my first application of 4:1 baluns, and 
their characteristics were unknown to me. A test 
setup as in fig. 11 was used to measure some of the 
characteristics of the baluns. 

Balun measurements. The station transceiver, a 
Kenwood TS520, was used for the signal generator, 
and an Allied Radio model A2516 all-band receiver 
was used as the null detector. The bridge was a 
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General Radio Model 916A rf bridge. A carbon com¬ 
position resistor, measured on the bridge at 28.2 
MHz, was 250 + j2.8 ohms. This was used as the 
load. 

Impedance measurements were made on five fre¬ 
quencies, from 3.8-28.2 MHz on two of these baluns. 
Table 2 shows measurement results. 


table 2. Baiun characteristic versus frequency. 


frequency 

(MHz) balun 1 balun2 
3.8 56 /20° 59.1 /18.6° 

7.2 55.8 /15° 57 /10.8° 

14.2 50.8 /18° 55 /1S° 

21.2 42.8 /39.7° 43.9 /38° 

28.2 55 /73° 64 /S7° 


Hygain Antennabal 
balun balun 


54.2 /21.1° 55.4 /23° 

60 /22,4° 60.6 /18.6° 

69.8 /17,6° 68 /14° 

79.9 /15.6° 74 /16° 

88.3/ 9.7° 80 /16° 


Based on the 4:1 ratio and a 250-ohm load resistor, 
the reflected impedance should be 62 ohms. 

Having no real feel for the merit of the above 
readings, I measured a Hy-Gain 1:1 balun with a 50- 
ohm load, as well as a 1:1 Antennabal device that 
was on hand. These measurements are also shown in 
table 2. 

The phase angle, indicative of balun reactance, 
seemed high, even in the commercial units, but far 
less than the 4:1 baluns to be used. I wasn't inter¬ 
ested in the 80- and 40-meter bands for the transmis¬ 
sion line, so I removed turns from the existing 
baluns. A final value of ten turns produced the opti¬ 
mum impedance for the 20-, 15-, and IO meter bands 
(table 3). 


table 3. Final balun characteristics. 


complete line 

frequency baluns transmitter 

(MHz) balun 1 balun 2 back-to-back to antenna 
3.8 60.2 /38.7° 56 /44.4° 62.6 /65° 

7.2 69.3 /23.6° 69.5 /28.6° 61.6 /46,6° 

14.2 70.2 /14.5° 73.5 /17.8° 89.7 /28.3° 83.4 /20.8° 

21.2 63.9 /17.2° 68 /19.8° 88.4 /10.2° 39.8 /12.7° 

28.2 60.4 /26.6° 63.7 /26.5° 46 / 0° 94.3 /47° 

As expected, removing additional turns beyond five 
improved the 28-MHz readings but caused deteriora¬ 
tion of the 14-MHz impedance. 

The next step was to connect the two baluns back- 
to-back and use a 50-ohm resistor for a load. Meas¬ 
urements on the input of the two baluns produced 
the readings shown in table 3. 

I connected a 50-foot (15-meter) length of RG-8/U 
coax between the transmitter location and the first 
balun. Then I connected a 100-foot (30.5-meter) 
piece of RG-8/U coax between the end balun and 
antenna. Using a 50-ohm resistor in place of the 
antenna produced readings as shown in table 3. 
Therefore, the complete 600-foot (183-meter) trans¬ 


mission line provided standing-wave ratios varying 
between 1.25 and 1.9. 


Attenuation characteristics. More important was 
the attenuation that such a line would produce. 
Attenuation equations were used8 based on coaxial 
cable characteristics. These equations were used, 
although a hybrid transmission line was being 
measured. My rationale was that the rf bridge was 
measuring the short-circuited and open-circuited 
resistances and reactances of what may be consid¬ 
ered a "black box," and didn't care what is in the 
box. The attenuation of the total line, from transmit¬ 
ter to antenna, is as shown in table 4. 


table 4. Transmission-line attenuation. 



total line 
attenuation (dB) 

2.39 

2.74 

3.95 


attenuation using 
four-wire line 
plus two baluns 
IdB) 

1.73 

1.91 


The difference in attenuation between the total line 
and the four-wire line plus balun is caused by the 150 
feet (46 meters) of RG-8/U. W2ER had estimated a 
1-dB loss per balun without knowledge of the actual 
loss, and his estimate is good. The baluns most likely 
account for the loss in the four-wire line. Use of 
baluns suggested by references 6 and 7 would 
undoubtedly minimize this loss. 

Minimum lineloss. Minimum loss would be realized 
if a tuned line were used and eliminating the baluns 
altogether. This would require an antenna tuner and 
would lose the advantage of being able to change 
bands with minimum tuning. The open-wire could 
end up in a two-wire polyethylene 200-ohm line for 
the loop to the rotary antenna. 

Another suggestion by W2ER would be to run the 
four-wire line to the base of the tower, with an expo¬ 
nential line running up the tower, either a two- or 
four-wire line. The output impedance could be 50 
ohms, balanced, and would directly connect to an 
antenna such as the balanced-input TH6DXX type. 
With a tower height greater than 30 feet (9 meters) 
the exponential line would be the minimum permitted 
length of a half wave on 14 MHz, and of course 
greater on the 21- and 28-MHz bands; see reference 


The use of four-wire lines for the reduction of line 
losses is wide open for experimenting in the Amateur 
bands, and the subject is especially pertinent to vhf, 
where the cost of super coax cable is getting out of 
hand. 

A second tower and transmission line were con¬ 
structed, as discussed for the first arrangement. 
Results were almost identical. 
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results of 

transmission-line use 

The antenna on each tower is a Hy-Gain TH6DXX. 
The antennas were adjusted using the rf bridge with 
the affects of the total transmission line subtracted 
from the measurements of the total system. The final 
SWR readings, as measured at the transmitter end, 
are acceptable for the three bands: less than 2:1. 

In review, two towers separated by 150 feet (46 
meters) were located approximately 425 feet (129.6 
meters) from the transmitter. The location was 
selected to provide an antenna site from which eleva¬ 
tions in all 360° compass directions decreased and no 
other structures were close by. I used a four-wire 
transmission to minimize line loss with 4:1 baluns at 
each end to accept 50-ohm input and output match¬ 
ing. The two towers are 60 and 50 feet (18 and 15 
meters) high. 

Results exceeded all my expectations, with no 
dead spots in any directions. Perhaps a review of my 
contest activities since erecting the systems is indica¬ 
tive of its success: 

1978 ARRL sweepstakes first place in North Carolina 

1978 ARRL ten-meter tests first place in North Carolina 

1979 ARRL DX contest winner, Roanoke Division, 


The ARRL DXCC country total has changed from 285 
to 320 confirmed during the period from October 
1978 to June 1980. 

final comments 

The expenditure of time and money has been well 
worth the effort to get the antenna out where it can 
do the most good for my signal. It's time more Ama¬ 
teurs with ideal antenna sites not currently in use 
take advantage of them with a low loss four-wire 
transmission line. 
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versatile CW identifier 


Whether you like CW or not, it's still a useful mode 
for identifying a station, be it a repeater, RTTY, slow- 
scan TV, or as an anti-theft device. However, most 
devices that send preprogrammed CW messages are 
either bulky, complex, or expensive. I've designed a 
small, simple, and inexpensive CW identifier that will 
find many uses in your station. 

programming logic 

In designing the identifier, I used the standard 
ratios for sending international Morse code: one bit 
represents a dot, three bits a dash, one bit an ele¬ 
ment space, three bits a letter space, and seven bits a 
word space. As an example, the message "CQ DX" 
would be represented, in a binary format, as: 
111010111010001110111010111000000011101010001 
1101010111. My scheme was to program this se¬ 
quence (or any message) into a PROM by sequentially 
programming the "ones" at the appropriate ad¬ 
dresses. I chose an 82S126 PROM, which is a IK de¬ 
vice arranged in four sections of 256 bits. Hence, 
eight bits are required to address each of the four 
sections of memory. With 256 bits, an average mes¬ 
sage will last about 15 seconds at 10 words per 
minute. Fig. 1 shows the circuit. 

how it works 

The identifier plays back the message stored in the 
PROM by addressing it with eight address lines from a 
4020 binary counter driven by an astable oscillator 
formed from one-half of a 4011. A particular 256-bit 
section is selected by S2, which serves as a message 
selector. This output is NANDED with the clock sig¬ 
nal, giving an output available at R10 consisting of 
bursts of tone whenever a "one" is encountered in 
the PROM memory. Tone level is controlled by R9, so 
that signal deviation may be adjusted in an fm trans¬ 
mitter. The PROM output also is applied to a keying 



fig. 1. Schematic diagram of the CW identifier. With 256 
bits of preprogrammed memory, an average CW mes¬ 
sage lasts about 15 seconds at a CW speed of ten words 
per minute. 


By Michael J. Di Julio, WB2BWJ, 97 Wood- 
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network composed of Q1, 02, R6, R7 and R8, which 
provides an output compatible with the grid-block 
keying used in most hf transmitters. 

Resistor R2 controls the clock rate, which not only 
determines CW speed but also changes output-fre¬ 
quency tone, since the oscillator does double duty as 


a clock and a tone generator. The identifier sends the 
message only once for each SI closure because the 
clock is disabled after a count of 256 is reached by 
the 4020 1C. The 4020 is reset each time power is ap¬ 
plied through the differentiator formed by C2 and R3. 

The identifier is designed to operate on 12 volts, as 
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fig. 3. Suggested programmer using the Signetics 82S126TTL/memory device. (Reprinted courtesy of Signetics 
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its primary use will be with mobile type equipment. 
That's why CR1 and R5 are needed to reduce the 
supply to 5 volts so that the ICs will function proper¬ 
ly. If 5 volts are available you can eliminate the regu¬ 
lator network. Fig. 2 shows the PC-board layout and 
parts placement.* 

Fig. 3 is a schematic diagram of a suggested pro¬ 
grammer for the 82S126. (The schematic is reprinted 
from the Signetics Integrated Circuits Manual.) After 
the messages have been decided upon, a table of the 
binary sequence that must be programmed in the 
PROM should be made. For each "one" in the table, 
address its location using the eight address switches, 
then depress the appropriate program switch de¬ 
pending on whether you're programming message 1, 
2, 3, or 4. 

suggested uses and installation 

As mentioned, the identifier can be used for re¬ 
peaters, slow-scan TV, or RTTY identification. Other 
uses are as a contest keyer, a beacon ID, or an anti¬ 
theft device. To use it as an anti-theft device, one of 
the messages that could be programmed into the 
identifier to protect your rig, is "STOLEN DE (your call 
letters)." 

Install the unit in your mobile rig, replacing SI with 
a magnetic reed switch. Install the switch as closely 
as possible to the cover of the radio. Connect the 
+ 12-volt line to a point of the switched 12 volts with¬ 
in the radio that is available only when in the transmit 
mode. (This voltage can usually be found on the 
transmitter strip.) As an alternative, isolate the identi¬ 
fier from ground and connect the ground wire from 
the identifier to the microphone PTT switch. In this 
case, connect the +12 volt line to a constant source 
of 12 volts in the radio. Now, every time the reed 
switch is closed and you're transmitting, the mes¬ 
sage will be sent with your voice. The reed switch 
will close only when a magnet is held close to it. 
Hence, when you're using the rig, don't put a mag¬ 
net near the reed switch I 

When the radio is unattended leave a magnet on 
the cover, about where the reed switch is located, 
and the identifier will activate when the radio trans¬ 
mits, telling all your friends on the repeater that your 
radio has been stolen (unknown to the felon operat¬ 
ing it). 

Many of these identifiers are in operation and are 
performing reliably. The design is simple and 
effective. 

ham radio 


*As an alternative to building the programmer. I'm offering the benefits of a 
sophisticated, automated programmer that I've constructed. I'll program 
any PROM that a reader sends me for $1.00 to cover postage and handling. 
Please be sure that the total number of bits, that is, "ones" and "zeros," in 
your message doesn't exceed 256. See also my note in fig. 2 regarding PC 
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switchable quad 


three-element 

for 40 meters 


Antenna direction 
can be changed 
by switching reactances 
in the parasitic elements 

At N8ET I've done quite a lot of serious contest 
operating. As a result the antenna system became 
quite extensive — five elements on 10 meters, four 
on 15, five on 20, dipoles on 40 and 80, and my 70- 
foot (21-meter) tower was gamma matched for 80 
meters with 2000 feet (610 meters) of radials. Forty 
meters was the weak link as results in the contests 
verified. To improve my signal on 40, I began to look 
for better antennas with low-angle radiation. A bob- 
tail was the first antenna to be tried. It took as much 
space as an 80-meter dipole and was only 33 feet (10 
meters) high. Results were encouraging. I almost 
missed two KL7s because they were so strong that I 
thought they were locals. The problem was that I still 
needed something for the European and ZL/VK 
paths. 

the switchable quad 

While going through old QST articles I came 
across one about a 40-meter switchable two-element 
quad. 1 It looked easy enough to erect, and quads are 
supposed to have excellent low-angle radiation, even 
when close to the ground. The spacing used in the 
QST article was 22 feet (6.7 meters), with the feed¬ 
line switched between elements. Since I just hap¬ 
pened to have a 40-foot (12-meter) boom, I decided 
to go with three elements spaced at 20 feet (6 


meters) and to switch the parasitic elements only 
(fig. 1). The results were far better than expected. 

As in the QST article, I found that the parasitic ele¬ 
ments could be tuned by a reactance some distance 
from the element by using the correct length of feed¬ 
line between the element and the reactance. The re¬ 
actance at the end of the feedline is transformed to 
the proper reactance at the element to tune the ele¬ 
ment either as a director or a reflector. By using a 
dpdt relay, I could switch reactances and change 
from reflector to director and vice versa. 

construction 

All three elements were cut to the same length 
using the formula for a quad driven element: 

i-im (D 

/ 

where l is element length (feet) 

/is frequency (MHz) 

In metric terms, eq. 1 is 


where l is element length (meters) 

/is frequency (MHz) 

Using a Smith chart, I determined the correct reac¬ 
tance at the end of a 450-ohm open-wire feedline to 
make a reflector and a director (about ± 150 ohms of 
reactance is needed at the element). A variable ca¬ 
pacitor with a maximum value of 150 pF easily pro¬ 
vides the reactance at the end of a 16-foot (4.9- 
meter) section of the open-wire line. The line can be 
any multiple of Vz wavelength long plus 16 feet (4.9 
meters). This allows the reactances to be placed at 
the operating position for optimum adjustment of 
any signal. 

adjustment 

I erected the quad at a height of about 60 feet (18 


By William M. Kelsey, IM8ET, 13 Southcote 
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meters). Each element was in the form of a triangle 
with the peak at the top. The driven element was fed 
at the bottom center using a 1:1 balun and 52-ohm 
coax. This element could have been fed directly, or 
through a wire gamma match, or even with open 
wire and a tuner. Don't make the same mistake I did 
by erecting and tuning the driven element and then 
erecting the parasitic elements! As the books say, 
they do interact, and I had to resolder all the wire I'd 
just cut out of the driven element to get a good 
match. Put up all three elements then adjust the 
driven-element length for the best match. 

Next, adjust the antenna by bringing the receiver 
out to the antenna base, where you can see the S- 
meter. A distant station in the appropriate direction 
can be used as a signal source to adjust the parasitic 
elements. If a nearby station is used, be sure he's us¬ 
ing horizontal polarization. (During my initial check 
with station AD8P, I had the most gain off the back 
of the quad until AD8P switched from his vertical to 
his dipole. Then we obtained the expected results.) 

Adjust the capacitors for best front-to-back ratio. 
This is a fairly critical adjustment (fig. 1) and corres¬ 
ponds very cosely to the point of maximum forward 
gain. The forward-gain adjustment is quite broad, so 
it's much better to adjust for maximum front-to-back 
ratio and accept the very small loss in forward gain. 

The ratio I finally obtained was about 25-30 dB. I 
was able to get about 50 dB front-to-back ratio using 
a nearby oscillator as a signal source. This obviously 
was not right, so be very careful about using signal 
sources close to the antenna for adjustments. For¬ 
ward gain over a dipole was not measured, but with 
the quad I've heard and worked stations I'd never 




Cl 350 pF, adjust for reflector operation 
C2 350 pF, adjust for director operation 
C3 350 pF, adjust for director operation 
C4 350 pF, adjust for reflector operation 

fig. 1. Three-element quad adapted from data in reference 1. 
The parasitic elements can be switched from director to re¬ 
flector or Vice versa. 



Directors: elements 1,2,6,7 

Driven Element: 4 

Switchable director/ reflector: 3,5 

fig. 2. Proposed switchable quad using seven elements. 
Mechanical construction would pose a problem for a 40- 
meter array. Perhaps the antenna could be strung between 
several high trees. See reference 2 for ideas in erecting long 
antennas. 

heard on 40 meters before with my dipole, which is 
up 60 feet (18 meters). 

alternative supports 

For those who don't have a 70-foot (21-meter) 
high tower and a 40-foot (12-meter) boom, there are 
other ways to get the quad in the air. All you need are 
two supports at least 40 feet (12 meters) high, spaced 
at least 40 feet (12 meters) apart in the right direc¬ 
tion. The supports could probably even be less than 
40 feet (12 meters) high. The triangular loops can be 
flattened to accommodate the lack of height. The 
loops don't have to be a perfect triangle. Of course, 
the higher the antenna, the better it will perform. In¬ 
stead of a 40-foot (12-meter) boom, a piece of line 
between supports can be used to hold up the ele¬ 
ments. 

future work 

I hope to try another configuration, which will give 
more forward gain, by using more than three ele¬ 
ments, feeding the center element, switching only 
the two closest parasitic elements, and making all the 
remaining parasitic elements as directors, fig. 2. The 
reflector should isolate the appropriate directors so 
they have a minimum effect on antenna perfor¬ 
mance. 

I would be interested in hearing from anyone who 
tries this configuration since I am now living in a 
house with a very small lot and won't be able to try 
this idea for some time. Perhaps all the elements will 
have to be switched. 
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Yagi antenna design: 

ground or earth effects 


A discussion 
of ground effects 
and 

performance 
of real Yagi antennas 
above real ground 

To this point, the antennas I've discussed were con¬ 
sidered in free-space conditions. In the real world, 
however, the performance of an antenna is pro¬ 
foundly affected by the proximity of the ground or 
earth. The ground can be beneficial in some circum¬ 
stances and detrimental in others; it is important to 
understand ground effects and how to use the pres¬ 
ence of ground advantageously. 

Unfortunately, the ground or earth near an anten¬ 
na is not easily characterized; ordinarily, it is complex 
in shape with highly variable radio-frequency proper¬ 
ties. The ideal "ground" will consist of a flat plane of 
material with high electrical conductivity, usually ap¬ 
proximated quite well by the surface of the ocean. 
Actual ground, however, has a much lower conduc¬ 
tivity and lower dielectric constant than salt water 
and is ordinarily far from flat. Values of electrical con¬ 
ductivity, a, range from about 4 mhos/meter for salt 
water to as low as 10~ 3 mhos/meter for typical resi¬ 
dential areas; corresponding values of dielectric con¬ 
stant, c, range from about 80 for water to 5 for typical 
residential areas. 

The presence of ground alters antenna perfor¬ 
mance in two ways. First, it changes the normal free- 
space pattern (in the illuminated half sphere) by add¬ 
ing (vectorially) a reflected pattern. The combina¬ 
tion of direct and reflected radiation fields produces 
regions of enhanced gain, but at the expense of 
reduced gain in other regions. Second, it alters the 
antenna itself; currents that flow in the ground sur¬ 
face couple back into the antenna and change all ele¬ 
ment currents. In other words, an antenna becomes 


a somewhat different antenna when placed near the 
ground. 

reflections from a plane ground 

Let us first consider the reflection from a plane 
ground surface: the reflected wave can be character¬ 
ized by a reflected amplitude, K, and a reflected 
phase, <t>. For horizontally polarized radiation, re¬ 
mains close to unity and <t> M is close to % or 180° for 
all incoming (and therefore reflected) angles with 
respect to the surface, 0. The phase change is due to 
the fact that if the conductivity of the surface is high. 
Maxwell's equations require the tangential E-field at 
the surface to vanish; this can only occur if K H is 
nearly unity and <t> is nearly rr. The limiting values on¬ 
ly occur if the conductivity of the plane surface is in¬ 
finite; however, for all practical values of ground 
conductivity, K H and <j> H remain reasonably close to 
the limiting values. 

By contrast, the reflection of vertically polarized 
radiation is much more complicated. In this case, the 
limiting value of Ky (for infinite conductivity where 
the electric field normal to the surface must be con¬ 
tinuous) is also unity and that of <j> v is zero. However, 
these values change drastically where ground has a 
finite conductivity and dielectric constant. Values of 
K v and <j>y vary radically with the elevation angle 
relative to the surface, 0. As the surface, 0, is changed 
from zero to ic/2 or 90 degrees, K v from unity down 
through a minimum at an angle called Brewster's an¬ 
gle and slowly back up to a value usually significantly 
less than unity. At the same time, <f> v varies from n or 
180 degrees monotonically down to zero. Brewster's 
angle, 0b, is a function of the dielectric constant of 
the surface, 0 B = cot ~ 1 Note that for water 
0b = 6 degrees (already quite a low angle) and if 
e = 5 (poor ground), 0 B rises to only 24 degrees. 
Thus, it is easy to see that if one models flat real 
ground as an infinitely conducting plane, the result 
should be generally trusted for horizontal polariza¬ 
tion, but not for vertical polarization. It is significant 
that far-field radiation for vertical polariation over real 
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(finite conductivity) ground vanishes at grazing an¬ 
gles. Only when conductivity is truly infinite does 
grazing angle reflection add to direct antenna radia¬ 
tion. 

Let me return briefly to the observation that the 
ground surface near an antenna is rarely flat. Even if 
this real ground surface were perfectly reflecting (in¬ 
finite conductivity), the pattern of reflected radiation 
would be exceedingly complicated. It is useful to im¬ 
agine a small optical model of the ground surface ter¬ 
rain made with a good shiny reflecting surface and il¬ 
luminated by a light source (replacing the antenna). 
From this it is easy to understand that the reflected 
pattern will show bright spots or glints where con¬ 
verging rays are focused from "dished" concave sur¬ 
faces; in fact, the brightness from such dished areas 
is potentially much higher than the direct light from 
the light source itself. If the dished surface is ideal, 
one can realize enormous brightness gains; the ideal 
surface is, of course, a parabolic reflector at the right 
distance from the source. 

Excellent optical searchlights are made with such 
reflectors. A modern radiofrequency example is the 
large Arecibo dish, which started with a natural, 
roughly parabolic ground surface and was subse¬ 
quently improved by high-conductivity, accurately 
figured reflecting surfaces. To get effective cohesive 
radiation from the entire surface required the surface 
to maintain an accuracy of a fraction of a wave¬ 
length. 

The shiny optical model produces a reflected pat¬ 
tern somewhat but not exactly, like the real ground. 
The principal difference is due to the very short 
wavelength of light compared with the size of the 
surface features of the model. The brightness gain of 
any well-configured dished area is theoretically pro¬ 
portional to the reflecting (concave) area, but in¬ 
versely proportional to X 2 . Thus, the optical glints will 
tend to be small, bright spots, whereas the real radio 
glints, occurring at the same angles, will be fuzzy, 
larger, and less bright. Note, however, that the 
broader radio glint will approximate the average val¬ 
ue of the optical glint over the radio glint angle. 

Thus, we see that ground around an antenna can 
not only reflect, but it can focus (and defocus) radia¬ 
tion as well. To get much of a focusing effect, the 
concave surface must not only be large (compared 
with a wavelength) and of the correct focal length, 
but it must also have a surface accuracy of a fraction 
of a wavelength. This type of surface is not likely to 
occur naturally at wavelengths in the 10-to-100 meter 
range, especially if the antenna is situated in a region 
where the reflecting surface is quite complicated. 
Nevertheless, for those users fortunate enough to be 
able to locate their antennas on a relatively smooth. 


concave slope of the right curvature, some signifi¬ 
cant focusing should take place. 

ground model 

I shall model the ground surface in the convention¬ 
al way; that is, as an equivalent to a perfectly con¬ 
ducting flat plane. This model should be valid for hor¬ 
izontally polarized radiation at antenna sites in which 
the actual ground is reasonably flat out to distances 
where specular reflection occurs at the lowest eleva¬ 
tion angles of interest. For high angles, the reflection 
takes place nearly under the antenna, and the ground 
must be flat in that area to a fraction of a wavelength 
for the model to apply; this is usually the case. 

As the elevation angle is reduced, the reflection 
point recedes from the antenna location until, at very 
low angles, it is many wavelengths distant. Under 
this condition the real ground does not have to be 
very flat to reflect energy with amplitude and phase 
coherence; it can in fact be quite rough, with varia¬ 
tions in height of several wavelengths. This situation 
is analogous to the well-known optical reflection ob¬ 
served from surfaces that are rough in comparison 
with a wavelength; one can observe at grazing an¬ 
gles nearly specular reflection. A sheet of paper has 
roughness variations so large compared with the 
wavelength of light that, at normal incidence, no re¬ 
flected images can be seen; nevertheless, at grazing 
angles, one can easily observe specular reflection ef¬ 
fects — and even fair images. For these reasons, the 
model can be expected to be fairly valid for most hor¬ 
izontally polarized antenna systems. 

One more point should be mentioned. Because of 
the finite conductivity of the real ground, the cur¬ 
rents which flow are not strictly at the physical sur¬ 
face of the ground but are distributed throughout the 
top "skin depth" of the ground. This skin depth is 
usually quite small; as an example, at a radio fre¬ 
quency of 14 MHz, where the free-space wavelength 
is 21 meters, this skin depth in salt water is less than 
0.1 meter, and even for poor ground, where the con¬ 
ductivity is 10 -3 mhos/meter, the skin depth in¬ 
creases to a value of less than one meter. Therefore, 
the infinite conductivity plane model of the ground 
should give quite acceptable results. 

Besides adding a reflected wave to the space pat¬ 
tern of an antenna, the presence of the highly con¬ 
ducting ground plane changes the properties of the 
antenna itself. Excitation of the antenna produces a 
current distribution in the nearby ground plane sur¬ 
face, which in turn couples mutual voltages back into 
all antenna elements; these mutual voltages will obvi¬ 
ously affect antenna currents in all of its elements. 

To model this interaction, it is useful to replace the 
ground plane conducting surface by an antenna im- 


30 BI October 1980 



age. This image is located just as far below the origi¬ 
nal ground plane as the real antenna is located 
above. For a horizontally polarized antenna, the im¬ 
age is excited equally with, but exactly out of phase 
with, the real antenna. Because of the geometrical 
symmetry of the antenna and its image around the 
original ground plane surface and the opposite exci¬ 
tation, it is easy to see that, at all points on the origi¬ 
nal ground plane surface, the tangential electric 
fields vanish (image field cancels the antenna field). 

Thus, by means of the image model, we produce 
exactly the same tangential field at the ground plane 
coordinates as would be produced by currents flow¬ 
ing in the real conducting ground plane because of 
antenna excitation alone. The antenna itself cannot 
distinguish whether a real ground plane conductor or 
its oppositely excited image exists. Therefore, the 
ground interaction with the antenna is identical to 
the image interaction. One can therefore model all 
antenna properties over the real ground plane by us¬ 
ing the antenna and its oppositely excited image in 
free space. 

Note, however, that there is one significant differ¬ 
ence between the image model in free space and the 
real ground plane. In the real ground plane case only 
a hemisphere is actually irradiated, while in the image 
model a full sphere is irradiated. Although all fields in 
the (common) half space will be exactly the same, it 
is obvious that the total radiated power of the image 
model will be just twice that of the real ground plane. 
Therefore, even though antenna element imped¬ 
ances are the same for both situations, gain calcula¬ 
tions for the image model must be multiplied by two 
to get gain for the real antenna over earth. 

antenna over earth. 

Before I evaluate detailed antenna properties over 
earth, I would like to briefly discuss the elevation 
angles that should be of paramount interest. It is well 
known that long-distance radio communications 
take place primarily by ionospheric F 2 layer reflection 
lor, more properly, refraction). While the F 2 layer can 
vary in (virtual) altitude over the earth (250 to 400 
km), it is instructive to make a very simple model of 
this layer as a reflecting shell at an altitude or height, 
H, of 300 km. A radiated wave at an elevation angle, 
0, will bounce from this shell and return to earth at 
the same elevation angle, 0, but at reat circle range, 
R. The relationship of R to 0 depends only on simple 
geometry. For a single hop the maximum range on 
the earth is limited; thus, communications at very 
long distances will involve several hops. 

Fig. 1 shows a plot of 0 versus R for different num¬ 
bers of hops (up to 6), n. This diagram shows clearly 
that a given range can be reached with different dis¬ 


crete elevation angles, or that a given elevation angle 
arrives back at the earth at discrete ranges. To cover 
all values of range requires a continuous spread in el¬ 
evation angle 0, but the limits of this spread in 0 can 
be narrowed somewhat by taking advantage of dif¬ 
ferent numbers of hops. As an example, all ranges 
beyond R = 1600 km can be accommodated by the 
heavy line in fig. 1; that is, 0 varying over a range of 
only 3 to 17 degrees. 



fig. 1. Diagram of the elevation angle required for propaga¬ 
tion over various great circle distances and number of hops. 


It is generally desirable at the higher frequencies to 
use low angles to minimize attenuation resulting 
from multiple hops and reflection losses and to ensure 
ionospheric refraction at the highest frequency. For 
such frequencies (say 14 to 28 MHz) the range of ele¬ 
vation angles shown in fig. 1 seems quite appropri¬ 
ate. At lower frequencies, (s7 MHz), however, if 
the propagation path at either end is in daylight 
(where absorption is high), a higher range of angles 
(gsing a greater number of hops) may give a lower 
overall absorption. The reasoning derived from this 
oversimplified model gives expected results not in¬ 
consistent with observations reported in the ARRL 
Antenna Book 1 on page 18. However, real propaga¬ 
tion is clearly more complicated than is shown in fig. 
1 . 

Kift 2 has shown in an elegant way that long dis¬ 
tance propagation involves many propagation 
modes. He has shown, in measurements made be¬ 
tween Ascension Island and Slough, England, that 
measured arrival angles, when complete path iono¬ 
spheric soundings are known, correlate well with ray¬ 
tracing expectations. (Ray tracing can identify actual 
propagation modes.) His results indicate that eleva- 
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table 1. Representative Vagi beams. All elements are cylin¬ 
drical with radius p = 0.0005260 (X). 


three-element 
boom length 1/4X 
boom 

length position 
element (XI (X) 

reflector 0.49801 0.000 

driven 0.48963 0.150 

01 0.46900 0.300 

02 
D3 
04 


six-element 
boom length 3/4 X 
boom 

length position 

(X) (X) 

0.49528 0.000 

0.48028 0.160 

0.44811 0.300 

0.44811 0.450 

0.44811 0.600 

0.44811 0.750 


table2. Three element beam (from table 1) over ground. 



ground gain 
(X) (dBi) 

0.1 9.63 

0.25 10.88 

0.5 12.96 

0.75 13.46 

1.0 13.68 

1.25 13.69 

1.5 13.78 

1.75 13.77 

2.0 13.85 

2.5 13.84 

3.0 13.85 

Free space 7.86 


F/B angle 

(dB) (deg.) 

4.90 59 

13.39 42 

42.94 27 

17.13 19 

29.42 14 

19.40 11 

27.22 10 

20.52 8 

26.24 7 

25.70 6 

25.34 5 

23.60 0 


Impedance 

(ohms) 

R X 

43.05 13.23 

14.21 -4.25 

14.76 1.49 

16.18 -1.25 

15.15 0.70 

16.07 -0.66 

15.32 0.45 

15.98 -0.45 

15.42 0.33 

15.47 0.26 

15.51 0.22 

15.70 0.00 


tion angles from 3 to 20 degrees are indeed quite im¬ 
portant. He also shows focusing effects of a given 
mode and the great variety of results which can oc¬ 
cur in practice. Thus, in evaluating an antenna sys¬ 
tem over ground, it is most important to ensure good 
gain over all lower angles (say 3 to 17 degrees) and 
for the lower frequencies (<7 MHz) over even higher 
angles (up to say 30 degrees). I shall therefore show, 
in all cases to be presented, a plot of H-plane gain as 
a function of elevation angle, 0. 

antenna performance 
overground 

To illustrate typical Vagi antenna performances 
over ideal ground, I shall use as representative Yagi 
beams a three-element Yagi on a 0.25X boom and a 
six-element Yagi on a 0.75X boom; the basic charac¬ 
teristics are given in Table 1. I have made calcula¬ 
tions for each beam at a number of different eleva¬ 
tions over ground. The results for the three-element 
beam are shown in Table 2 and those for the six-ele¬ 
ment beam in Table 3. As a reference, the free-space 
performance for each beam is also listed in these 
tables. Figs. 2 and 3 show the H-plane, or vertical, 
pattern of each of these cases at certain chosen ele¬ 
vations. It is apparent from these H-plane patterns 
that maximum gain in the forward direction occurs at 
an elevation angle which is an inverse function of the 
antenna height; this relationship is tabulated quanti¬ 
tatively in Tables 2 and 3. 

These figures also show that the antenna gain has 
a number of lobes, the biggest lobe is the first one 
(lowest elevation angle). For each succeeding lobe, 
the peak gain is somewhat lower. This reduction in 
gain is caused by the natural free-space directivity of 
the antenna. The overall pattern is a series of lobes 
(produced by interference of the direct and reflected 
waves) essentially modulated by the inherent free- 
space pattern of the antenna. Note that the relative 
gain reduction at high angles is greater for the (more 
directive) six-element beam than for the three-ele¬ 
ment beam. Moreover, a careful analysis of the lobes 
shows that the maximum point on each lobe is slight¬ 
ly altered by the natural beam directivity. This is 
shown in Tables 2 and 3 by the slightly lower eleva¬ 
tion angles of the main lobe for the six- versus the 
three-element beam at a given height above ground. 

Thus, we see that the main lobe of an antenna oc¬ 
curs at an angle primarily determined by its height 
over ground, but secondarily by the natural antenna 
directivity. This latter effect is most pronounced at 
low antenna heights, and it is also responsible for the 
relatively poorer gain at these heights. One would or¬ 
dinarily expect the ground reflection to double the ra¬ 
diated field (or to add 6.01 dB to gain), but if it occurs 
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table 3. Six-element beam (from table 1) over ground. 


height 

over 

ground gain F/B 

(X) (dBI) |dB) 

0.1 11.89 8.67 

0.25 13.01 13.14 

0.5 14.88 34.31 

0.75 15.59 21.52 

1.00 16.36 35.77 

1.25 16.23 29.69 

1.50 16.58 38.61 

1.75 16.44 35.04 

2.00 - 16.67 40.94 

2.50 16.67 42.86 

3.00 16.69 44.76 

Free space 10.70 57.21 


driver 
impedance 
angle (ohms) 

(deg.I R X 

46 14.68 8.58 

33 23.90 - 7.98 

24 21.62 -1.73 

18 21.24 -0.34 

14 22.38 -1.51 

11 20.96 - 0.95 

9 22.23 -1.29 

8 21.07 -1.17 

7 22.10 -1.23 

6 22.01 -1.21 

5 21.94 -1.21 

0 21.62 -1.28 


table 4. Specifications for six-element beam optimized by 
slight shifts in boom positions for D1 and D3. All element 
radii are 0.0006260IX). 


optimized 
for free space 
boom 

length position 
element (X) (X) 

reflector 0.49528 0.000 

driven 0.48071 0.150 

D1 0.44811 0.2991650 

D2 0.44811 0.450 

D3 0.44811 0.5999658 

D4 0.44811 0.750 


optimized 
for 1.5X overground 
boom 

length position 

(X) (X) 

0.49528 0.000 

0.48028 0.150 

0.44811 0.3039068 

0.44811 0.450 

0.44811 0.5958952 

0.44811 0.750 


at a high elevation angle (low antenna heights) the 
original antenna gain (free space) is significantly low¬ 
ered (at the same high angle). 

The front-to-back ratio is also shown in Tables 2 
and 3. Recall that the definition I use for F/B is the 
ratio of forward energy flux density at the best eleva¬ 
tion angle to the reverse energy flux density at the 
same reverse elevation angle. Tables 2 and 3 show 
this quantity to fluctuate rather widely with antenna 
height; the cause of these fluctuations is the altered 
antenna element complex currents that result from 
the mutual coupling of antenna and its image. These 
mutual effects are large when the antenna is low and 
relatively small when the antenna is high. Note, how¬ 
ever, that even when the antenna is three full wave¬ 
lengths above ground, enough interaction occurs to 
noticeably alter the free-space value. 

Similarly, the antenna driving-point impedance 
fluctuates with antenna height. When the antenna is 
very low, for example, at a height of 0.1X, driving- 
point resistance and reactance are far from their free- 
space values. This shows dramatically that if one 
adjusts an antenna near the ground (say at 0.1X) for 
best performance, it certainly will not be the best ad¬ 
justment at final operating height. 

These ground mutual effects, which alter the an¬ 
tenna element currents, are present to some degree 
at all antenna heights likely to be used in practice. 
This is tantamount to saying that the antenna over 
ground is not the same as the antenna in free space. 
An antenna optimized for free space will therefore 
not generally be quite optimum over ground. Obvi¬ 
ously, one should really optimize the antenna over 
ground at the desired height. 

What is the best antenna height? Recall from fig. 1 
that one should strive for a large gain over a range of 
angles, for example, 3 to 17 degrees. An inspection 
of figs. 2 and 3 shows that this occurs when the an¬ 
tenna height over ground is about 1.5X. For 14-MHz 
radiation, this height would be about 30 meters, or 
100 feet. Practical operating experience does verify 
that such an antenna height gives excellent results. 
Note also that at a height of 3X a deep lobe null oc¬ 
curs at an elevation angle of 10 degrees; this angle is 
sometimes important, such as for a range of 4500 
km using two F-layer hops. Such a high antenna, 
even though excellent as a band opener at very low 
angles, would not be expected to be a good overall 
performer. ! have tried a large 14-MHz antenna at a 
height of 2.6X; from my location in New York State, 
the average European signals were found to be sub¬ 
stantially inferior to those received from an antenna 
at a height of 1.5X. 

It is fortunate that an antenna at a height of 1.5X 
over ground is not seriously degraded from its free- 
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space performance. Table 3 shows that the F/B ratio 
(at central design frequency) for the six-element 
beam is a superb 57 dB in free space and degrades 
only to a still superb value of 38 dB when the beam is 
mounted at 1.5X over ground. In both cases, optimi¬ 
zation procedures described in a previous article 3 can 
tune up the F/B ratio with only minor effects on oth¬ 
er performance features. 

I have carried out such an optimization by varying 
the boom positions of D1 and D3 slightly; final beam 
specifications are shown in Table 4, and the perform¬ 
ance around the frequency of best F/B is shown in 
Tables 5 and 6. Note that optimization requires very 
delicate boom position adjustments. These boom po¬ 
sitions have been adjusted sufficiently well to give a 
F/B well over 100 dB at the central design frequency. 
It is interesting to note that different boom positions 
are needed for the free-space Yagi and for the Yagi 
to be mounted over ground. This is because they are 
really slightly different antennas because of ground 
interaction. 

Let me stress, as I did in the previous article on op¬ 
timization, that although the Yagis are mathematical¬ 
ly optimized to give a very high (but narrowband) 
F/B ratio, the basic model cannot really be trusted to 
this level of accuracy. It should be quite possible in 
principle to carry out this type of optimization experi¬ 
mentally on a real Yagi; the basic behavior should be 
similar, but the final boom positions might be slightly 
different. 

Note that when a Yagi is mounted over ground the 
lowest lobe of radiation has a maximum at an eleva¬ 
tion angle usually sufficiently high that the direct 
wave from the antenna is somewhat reduced from its 
peak free-space value. It is interesting to see if any 
improvement could be made by purposely tipping the 
antenna boom upwards to increase the direct wave. 

Unfortunately, tipping the antenna upward auto¬ 
matically tips the image downward, by the same an¬ 
gle; the net result is that, while the direct wave is in¬ 
creased, the reflected wave is decreased, and unfor¬ 
tunately by a greater amount. As an example, con¬ 
sider the six-element Yagi mounted 1.0X over 
ground. The maximum gain of 16.36 dBi occurs at an 
angle of 14 degrees as shown in Table 3. Table 7 
and fig. 4 show the result if the antenna is tipped up- 


table 7. Six-element Yagi at 1.0 X over ground. Performance 
va upward tipping angle. 


tipping 

angle gain 

(deg.) (dBi) 

0 16.36 

5 16.31 

10 16.12 

15 15.77 


F/B angle 

(dB) (deg.) 

35.77 14 

32.85 14 

29.58 14 

26.60 14 


impedance 

R X 

22.38 -1.51 

22.51 -1.65 

22.47 -1.84 

22.27 -1.99 


ward at angles of 5, 10, and 15 degrees. It is easy to 
see that maximum overall gain is actually best when 
the antenna is parallel to the ground plane; as one 
tips the antenna the peak lobe gain is reduced slightly 
and the deep nulls between lobes tend to become 
shallower. This is precisely the behavior expected 
from a consideration of the vectorial addition of di¬ 
rect and reflected waves. 

summary 

1. Although ground is difficult to characterize, there 
is reason to believe that for horizontal polarization a 
good model is an ideal, infinitely conducting plane. 

2. The H-plane (vertical) pattern consists of a number 
of lobes caused by the interference of direct and 
ground-reflected waves. The first (lowest) lobe is the 
strongest; succeeding lobes are reduced somewhat 
in gain by the natural free-space directivity of the 
antenna. 

3. Mutual effects between the antenna and ground 
cause antenna element currents to change; these 
changes cause significant alterations to the antenna 
properties. The most noticeable variations occur in 
F/B ratio, but there are also significant variations in 
gain and driving-point complex impedance. 

4. Best overall antenna performance appears to oc¬ 
cur if the antenna height is about 1.5X. This is not a 
critical figure, but it is believed that 3X is probably 
too high. 

5. Tuning or adjusting an antenna near the ground 
for best performance guarantees that the antenna 
will not be optimum at operating height. 

6. Because of the significant mutual effects with the 
ground, the antenna should be optimized at its final 
operational height. Generally, this optimization will 
not be quite the same as the optimized free-space an¬ 
tenna. 

7. Large antennas are more handicapped at low 
heights than small antennas; this is due to their high¬ 
er natural free-space directivity. 

8. For best gain the boom of the antenna should in 
principle be parallel to the effective ground plane sur¬ 
face; however, the degree of parallelism required is 
not critical. Tipping the antenna upward to improve 
gain will, in actual fact, decrease maximum gain. 


references 

1. The ARRL Antenna Book, 1974, 13th edition, published by The 
American Radio Relay League, Newington, Connecticut. 

2. F. Kift, "The Propagation of High-Frequency Radio Waves to Long 
Distances," Proc. IEE, 107 Part B, March 1960, page 127. 

3. J.L. Lawson, "Yagi Antenna Design," ham radio, July, 1980, page 

ham radio 


October 1980 E29 37 




how to determine 

true north 

for antenna orientation 


Simple procedure 
for establishing 
a reference baseline 
to set up 
your beam antenna 


Whenever a rotary beam antenna is installed a 
question arises. Which way is north? This article 
describes a simple, accurate, and little-known meth¬ 
od of laying out a true north-south baseline using the 
sun for orienting a new installation or for checking 
the accuracy of an existing rotator direction indica¬ 
tor. The only equipment required is an accurate 
source of time. 

description 

The procedure is based on the principle that, at 
local noon, under certain conditions, the sun bears 
true south, so the shadow of your tower or other 
structure may be marked to create a permanent ref¬ 
erence baseline. Under most conditions, the time 
when the sun bears true south occurs at times other 
than noon. However, the exact time may be easily 
computed with the data included in this article. 
Computing the time. The time correction has two 
parts: the first remains constant and depends on 
your location (longitude, actually); the second is vari¬ 
able and depends on the day of the year the observa¬ 
tion is made. Once the correction has been calcu¬ 
lated it's simply added or subtracted, as the case may 
be, from local noontime to determine the exact time 
of the observation. 


Although the computation takes less time to per¬ 
form than to explain, an understanding of the factors 
composing the total correction is helpful in applying 
the correction. 

Celestial dynamics. As is well known, the earth re¬ 
volves once every 24 hours. However, for ease of 
understanding, let's assume that the sun rotates 
around the earth's equator, from east to west, once 
every 24 hours. The earth's equator, a circle, is di¬ 
vided into 360 degrees with 0 degrees arbitrarily set 
at a point at the intersection of the equatorial circle 
and a line drawn due south from the Royal Navy Ob¬ 
servatory in Greenwich, England. Thus, the sun 
moves in an angular arc of 15 degrees in one hour. It 
is also equivalent to a movement of 1 degree of arc 
every four minutes of time or an arc of 1 minute (a 
degree being subdivided into 60 minutes of arc) every 
four seconds of time. 

The location of a point on the earth may be defined 
in terms of latitude (degrees of arc north or south of 
the equator) and longtitude (degrees of arc east or 
west of the line through Greenwich). Longitude in 
North America is typically stated in degrees and min¬ 
utes of arc west of Greenwich. For example: Phila¬ 
delphia is 75 degrees, 0 minutes west; San Francisco 
is 122 degrees, 27 minutes west longitude. The longi¬ 
tude of your location may be taken from a map or 
obtained from local civil authorities (U.S. Coast and 
Geodetic Survey). 

Time zones. The earth has been divided into 24 
standard time zones based on standard meridians 
spaced every 15 degrees. Eastern Standard Time is 
based on the 75th meridian, CST on the 90th, MST on 
the 105th, PST on the meridian at 120 degrees west, 
and so on. Each zone is designated by a letter of the 
alphabet. The Greenwich meridian, for example, is 
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designated Z(Zulu). Unless you're fortunate enough 
to live on one of the standard meridians, the sun will 
not be on the local meridian passing through your 
location at noon standard time. However, since we 
now know the sun's rate of rotation in terms of angu¬ 
lar displacement vs time elapsed, it's easy to com¬ 
pute the time of local meridian passage. 

examples 

The following example illustrates an arc-to-time 
conversion. My location is Greensboro, North Caro¬ 
lina — longitude 79 degrees, 53.43 minutes west. 
The local time zone is EST (75th meridian time). The 
lateral offset in longitude is 4 degrees, 53 minutes, 
derived from subtracting 75 degrees from 79, 
degrees, 53 minutes (rounded from 79 degrees, 53.43 
minutes). As each degree equals four minutes of 
time and each minute of arc is four seconds of time, 
the total offset is 16 minutes and 212 seconds or, ex¬ 



fig. 1. Plot of equation of time (EOT) taken from the Nautical 
Almanac, used to correct bearings for antenna orientation. 
The phenomenon is caused by the eccentricity of the earth's 
orbit with respect to the sun. The graph illustrates the dif¬ 
ference between solar and local clock time. 


pressed more conventionally, 19 minutes and 32 sec¬ 
onds. As the location is west of the standard merid¬ 
ian, the sun will be late and won't arrive on the local 
meridian (i.e., bear true south) until 12:19:32 clock 
time, neglecting other factors for the moment. 

Another example: Greenville, New Hampshire, 
longitude 71 degrees, 51 minutes west, zone time, 
EST. In this case, the offset from the standard time 
meridian is 3 degrees, 9 minutes. Converting this arc 
to time gives 12 minutes and 36 seconds. In this 
case, the location is east of the standard-time merid¬ 
ian, so the sun will arrive early at 11:47:24 AM, ne¬ 
glecting other factors. 

the equation of time 

The other correction factor, which was neglected 
in the foregoing calculation, arises from the fact that 
the sun is like a poorly regulated clock: it runs fast 


during some periods of the year and slow during 
others. This is because the earth's orbit is an ellipse 
rather than a circle. Fortunately, this eccentric 
motion is highly predictable and forms a pattern that 
repeats year after year. The difference between solar 
time and clock time is called the Equation of Time 
(EOT) by astronomers and navigators. Rather than 
resetting clocks every day to agree with solar time, 
civil time uses an average, or mean, of the overall 
yearly variation; e.g., Greenwich Mean Time or Uni¬ 
versal Coordinated Time (UTC). 

For any location, the correction for EOT may be 
taken directly from fig. 1, a plot of data taken from 
the Nautical Almanac, a U.S. Government publica¬ 
tion. For Amateur antenna alignment purposes, the 
data is valid through the year 2100. 

correction for day¬ 
light savings time 

Although perhaps obvious it should be mentioned 
that, when local time is based upon daylight savings 
time, clocks are arbitrarily advanced one hour, thus 
making indicated time one hour ahead of "actual" 
time. Therefore, an additional correction of plus one 
hour should be added when applicable. The follow¬ 
ing example illustrates a complete calculation: 

Find: Local time when the sun bears true south 

Given: Location, Greenville, New Hampshire, lon¬ 
gitude 71 degrees, 51 minutes west 
Zone time, EDST, 75th meridian 
Day, August 1, EOT, 6’/3 minutes or 
00:06:20 

longitude correction 0:12:36 (-) 

EOT correction 0: 06:20 ( + ) 

combined correction 6:16 (-) 

Subtracting from 12:00:00 noon EST (stated as 
11:59:60) gives: 

11:59:60 EST 
06:16 (-) 
11:53:44 EST 

However, since EDST is in effect, one hour must be 
added to the calculated time to agree with indicated 
time: 11:53:44 + 01:00:00 = 12:53:44 EDST. There¬ 
fore, the sun will bear true south (and the shadow of 
your tower or other structure will point true north) at 
44 seconds after 12:53 PM clock time. 

Once the shadow has been marked you can, at 
your leisure, sight along the baseline from tower to 
mark to identify a more distant terrain feature. Then 
it's simply a matter of aligning the antenna boom 
along this line (with the rotator control set at north) 
to ensure an accurately calibrated direction indicator. 
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a phone patch 

using junR-box parts 


Old transformers 
used in tube-type radios 
are put to use 
in this easy-to-build 
phone-patch circuit 

Often I get the urge to upgrade my station with one 
accessory or another. In these days of inflation, how¬ 
ever, running out and buying accessories usually re¬ 
sults in a severe wallet-ache. This article describes 
how you can raid your junk box rather than rob a 
bank to build a reliable phone patch. The best part is 
that the patch takes only a couple of hours to put 
together. 

theory 

The main problems to overcome in constructing 
the phone patch are impedance matching and con¬ 
verting the balanced condition of the telephone line 
to the unbalanced audio condition of the Amateur 
transmitter and receiver. A transformer with proper 
impedance specifications offers the easiest solution. 

Not long ago, before transistors or integrated cir¬ 
cuits were available, everyone used “field-effect 
transistors with heaters in them" — more commonly 
called tubes. Since the age of the inexpensive tran¬ 
sistor has arrived, more and more tube-circuit power 


transformers have been retired to the junk box. 
Here's an interesting application of these com¬ 
ponents. 

Examination of the specifications of one of these 
transformers shows that it may be quite suitable for 
use in a phone patch. First, since power transformers 
are designed to operate at 60 Hz, there's little worry 
of audio distortion because of insufficient core mate¬ 
rial. Second, a review of the winding information 
shows good compatability between an Amateur rig 
and the telephone line. 

Eq. (1) shows the relationship of winding voltages 
to the winding turns ratio. 



where V[ = voltage across winding 1 (primary) 

V 2 = voltage across winding 2 (secondary) 
a = ratio of the number of turns of winding 
2 with reference to winding 1 

checking out 
the transformer 

After blowing the dust off the old transformer, 
carefully determine which pair of wires constitutes 
the primary leads (usually the black pair). By measur¬ 
ing the voltages of the open windings while the pri¬ 
mary is connected across the 120-volt house current, 
enough information may be obtained to calculate the 
turns ratio of the windings. (If your nerve is hardened 
to the idea of plugging a transformer into 120 Vac 
house current, a step-down transformer may be used 
to drive the winding.) I had a transformer with two 
windings in addition to the primary. The voltages 
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measured on the open windings and the turns ratio 
calculated from eq. (1) are listed in table 1. 

After the turns ratio has been determined, another 
equation may be used to determine the degree of im¬ 
pedance matching possible with the transformer. Eq. 
(2) relates the impedance that will be observed be¬ 
tween the windings of a transformer if the transform¬ 
er is "ideal." Although no transformer is ideal, most 
are very good, and the equation will closely predict 
the impedance relationships. 



where Zj = impedance across winding 1 (primary) 
Z 2 - impedance across winding 2 
(secondary) 

a = ratio of the number of turns of winding 
2 with reference to winding 1 


The telephone-line impedance is approximately 
600 ohms. By using eq. (2), I calculated the imped¬ 
ances that would be present across the secondary 
windings if the primary were connected across the 
phone line. The results appear in table 2. 

As may be observed from table 2, if the primary 
(black-black) is connected across the 600-ohm phone 
line, the 12-volt filament winding (green-green) will 
present a reasonable load to an 8-ohm speaker out¬ 
put from an Amateur receiver. Likewise, the high- 
voltage winding (red-red) presents a reasonable mi¬ 
crophone input match to either high- or low-imped¬ 
ance Amateur transmitters. 

construction 

I constructed the phone patch in a minibox chas¬ 
sis. Fig. 1 illustrates the final circuit. Transmitter 
audio leads should be shielded cable. 



explains how to check out such transformers for compatibility 
with the telephone line. 



the transmitter. 
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table 1. Measured voltages from the power-transformer 

windings. 


voltage 

turns ratio 

winding colors 

(Vac) 

(a| 

black-black 

120.0 

1.000 

green-green 

12.6 

0.105 

green-green/yellow 

6.3 

0.052 

(center-tap) 

red-red 

240.0 

2.000 

table 2. Impedances across windings. 



turns ratio 

impedance 

winding colors 

(al 

(ohms) 

black-black 

1.000 

600 

green-green 

0.105 

6.62 

green-green/yellow 

0.052 

1.62 

(center-tap) 

red-red 

2.000 

2400 


An rf filter was placed in the phone line to prevent 
rf from entering the transmitter audio through the 
patch from the phone line. This filter is only neces¬ 
sary if high power levels are used. 

The coupling capacitors on the primary winding 
must be nonpolarized and have at least 200-Vac 
ratings. These capacitors prevent the primary trans¬ 
former winding from shorting any telephone-line dc 
voltages that may be present. 

The phone patch is connected to the station tele¬ 
phone through an acoustic coupler (to be installed by 
the phone company). It provides a 1/4 inch (6.4 mm) 
phone jack for the phone-patch connection. On most 
desk telephones, a button on the receiver hook must 
be lifted to activate the coupler. Wall phones will 
probably have some method of activating the coupler 
also. I've used only desk phones in the phone 
patches installed to date. 

The receiver audio is connected in parallel with the 
station receiver speaker, reducing the receiver speak¬ 
er load to about 4 ohms. 

The transmitter input is connected to the phone- 
patch input jack on the rig. If no such input is provid¬ 
ed, fig. 2 illustrates an alternative method of connec¬ 
tion to the transmitter. The phone patch is con¬ 
nected permanently to the transmitter through the 
microphone input jack. A new jack is mounted in the 
phone patch chassis for connection to the station 
microphone. The transmitter patch audio is coupled 
through a 4.7-k resistor into the audio line. 

operation 

When operating the phone patch, simply throw 
the switch located in the transformer primary to the 
IN position. The telephone must remain off the hook, 


with the coupler button activated, to maintain the 
phone connection to the phone patch. I've found it 
convenient to use the telephone exclusively for 
modulation and monitoring during a phone-patch 
contact. The transmit switch is placed in the TX 
mode during transmit and returned to RX during re¬ 
ceive periods, facilitating standard push-to-talk oper¬ 
ation. When the patch is completed, the primary 
switch is returned to the OUT position. 

Dual level adjustments exist for both receiver and 
transmitter levels to and from the phone patch. The 
receiver audio gains on both receiver and patch will 
affect the line level to the telephone. Also, both the 
transmitter level adjustment and the gain contol in 
the phone patch will affect transmitter modulation 
level. To set levels, I set the receiver audio gain to a 
comfortable speaker volume and the transmitter level 
for proper modulation from the station microphone. 
Next, the patch was switched IN and the telephone 
removed from the hook with the coupler button acti¬ 
vated. A single digit (other than 1) was dialed to re¬ 
move the dial tone. The receiver patch gain was ad¬ 
justed for a comfortable audio level in the telephone. 
Similarly, the patch transmitter level was adjusted for 
proper modulation of the transmitter while I counted 
into the telephone. If your city has a time number, 
this service could be used as a reliable source for the 
transmitter level adjustment. Once the patch levels 
are set, there should be no need for additional ad¬ 
justments. 

conclusion 

Since the first phone patch, several others have 
been built and work very well. Even though tables 1 
and 2 show that a 6.3-volt filament winding has a 
very low impedance (about 2 ohms). I've successful¬ 
ly used transformers with this winding as a speaker 
winding. 

Some tube-type transformers have dual 6.3-volt 
windings, while others may have both a 6.3-volt 
winding and a 5-volt winding. These transformer 
windings may be wired in series to improve speaker 
impedance matching. 

Although this phone patch was not designed for 
VOX operation, some reports have been received that 
VOX has been used successfully. I've used this phone 
patch design on both the hf and vhf bands with ex¬ 
cellent reports of audio quality. Often Amateurs in¬ 
quire what kind of patch it is. It's simply a junk box 
special. 
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a folded end-fire radiator 


Introducing the “W8” — 
an antenna 
with modest gain 
and interesting possibilities 
for the experimenter 

This antenna fits into an area approximately 1/10 
by 1/6 wavelength and provides a compact, effective 
radiator for the lower-frequency bands. A slight re¬ 
shaping converts it into a horizontally polarized, om¬ 
nidirectional radiator for vhf. The antenna can be 
considered as a folded, series-connected, two- 
element, end-fire beam. 

evolution 

Start with a two-element, bidirectional, end-fire 
beam. If the feed is omitted, the essential elements 
are two half waves, closely spaced and excited 
equally but 180 degrees out of phase (fig. 1 A). The 
arrows in fig. 1 indicate current flow, with the large 
arrows at current maxima. Spacing is usually 
1/20-1/5 wavelength. Gain can approach 4 dB over 
that of a halfwave antenna. 1 Radiation is maximum 


to left and right in the plane of the figure. For illustra¬ 
tion, take spacing to be 1 /10 wavelength. 

Now fold each element into a rectangle 1/10 by 
1/5 wavelength, as shown in fig. IB. Note that the 
wire ends labelled a are at the same rf potential; 
similarly, the ends labelled b are also at the same po¬ 
tential, opposite to that at a. These respective pairs 
of ends may therefore be joined without disturbing 
the current distribution as shown in fig. 1C. Note 
that the array now consists of one wavelength of 
wire folded into a sort of figure eight, accounting for 
its name, abbreviated "W8." At the center crossover 
point are two current nodes (voltage maxima). Fig. 
ID is another possible arrangement with only one 
center crossover connected, about which more later. 

There is nothing sacred about the 1/10 by 1/5 
wavelength rectangle. For a low-frequency, vertically 
polarized array on a single pole the configuration of 
fig. 2 is appealing. The W8 can be squeezed or 
stretched, with directivity declining as the shape 
spreads horizontally (fig. 1). 

feed methods and impedance 

Of the various possible feeds. I've tried only one, 
balanced current feed, achieved by opening the W8 
at a current maximum and attaching parallel-wire 
feeders, as in fig. 2. In December 1973 I measured a 
6-meter model built to the 1/10 by 1/5 wavelength 
pattern and obtained a driving-point impedence be¬ 
tween 400-500 ohms. Measurements were made 
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with a crude resistance bridge driven by a grid-dip 
meter. I hope someone who can make more reliable 
measurements will look into this. For this feed 
method 450 ohm TV ladder line should do well. 

The W8 could be voltage fed at the center cross¬ 
over point, using either tuned feeders or an open- 
wire matching transformer as in fig. 3. This might be 
convenient for the vertically polarized, one-pole con¬ 
figuration of fig. 2, particularly if you wish to run a 
line along the ground for some distance. 

Finally, if the W8 is not broken at a current maxi¬ 
mum you should be able to drive it by any of the 
methods used for plumbers' delights, in particular 
the gamma match applied at a current maximum. 
This might be a convenient choice for the omnidirec¬ 
tional W8 mentioned later. 

performance and application 

A reasonable guess at gain can be made by com¬ 
paring fig. 1C and the basic, two-element endfire, 
fig. 1A. The center section, consisting of the folded 
ends of the original elements, is just a short section 
of open-wire line and can be expected to have negli¬ 
gible loss and radiation. Thus the only real waste rep¬ 
resented by the configuration of fig. 1C is that which 
results from radiation from the horizontal portions. 
However, these useless portions are only half the 
length of the useful radiating sections and, in addi¬ 
tion, contain portions of the current distribution far¬ 
thest from the two current maxima. This argument 
suggests that gain should still be perhaps 2 dB over a 
similarly placed halfwave. The 40-meter vertically po¬ 
larized version was used for a couple of years, but I 
have no way to make comparisons and can only 
hope this discussion will arouse some of the more 
ambitious experimenters. 

An interesting comparison can be made with the 
quarter-wave vertical. If the configuration of fig. 2 is 
used and each radiating section makes a 45-degree 


angle with the vertical, then the vertical extent of the 
array is somewhat less than a quarter wavelength. 
The mechanical disadvantage of the W8 is that guy 
cords are needed to position the two side corners of 
the diamond (I use nylon fish line). On the other 
hand, the W8 requires no radials or ground plane, 
and its current maxima are elevated to the array cen¬ 
ter. This should make it practically simpler to achieve 
low-angle radiation with a W8. 

The small gain of the W8, though interesting, will 
be swamped by the effects of propagation and inter¬ 
ference. Its main advantage is relative simplicity and 
compactness. A 40-meter horizontal W8, for exam¬ 
ple, could be supported slightly above your roof in 
about the same space as a full-sized, two-element 
8JK for 20 meters. 

dimensions and adjustment 

The 6-meter model used 20 feet (6 meters) of wire 
arranged in a 2 by 4 foot (0.6 by 1.2 meters) rec¬ 
tangle, with the center section of transposed line 
spaced about 3/4 inch (19 mm). With a small loop 
soldered across an opening at the center of one side, 
the grid dipper resonated at about 50 MHz. 

When the 40-meter model was put together, 136 
feet (41.5 meters) of wire were used at first in the an¬ 
tenna proper, with 68 feet (20.7 meters) of open wire 
line to the house. When this arrangement was grid- 
dipped at the sending end, the resonant frequency 
turned out to be 5.8 MHz. The explanation for this re¬ 
markable discrepancy is the capacitive loading effect 
of the W8 center section. On the 40-meter model, 
the spacing in wavelengths was closer by a factor of 
7 than the spacing on the 6-meter model. As noted in 
the section describing the evolution of the W8, the 
center crossover point and most of the center section 
of line are at high rf potential, so capacitance here is 
very effective in loading to a lower frequency. The 
major advantage of the W8 is its compactness, how¬ 
ever, and this loading effect makes the antenna even 
more compact. Incidentally, a small lumped capaci¬ 
tance across the center crossover point is a conveni- 
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ent way to tune a vhf W8 to a lower frequency. This 
was checked in the 6-meter model. 

To adjust the 40-meter W8, two steps were taken. 
The center line section spacing was increased from 
3/4 inch (19 mm) to about 3 inches (76 mm) to re¬ 
duce the loading effect. Then the lengths of the four 
vertical wires (two radiating portions and the center 
line section) were gradually reduced from an original 
28 feet (8.5 meters) to a final 21 feet (6.4 meters). At 
this point the antenna, crudely draped horizontally 
about 4 feet (1 meter) off the ground, grid-dipped at 
about 7.1 MHz. The full width across the top is 14 
feet (4.3 meters). The vertical extend of this W8 is 
about 1 /6 wavelength at the operating frequency. 

A few years later the 40-meter W8 was replaced by 
a 75-meter version following fig. 2. Its slanting sides 
were 28 feet (8.5 meters) long, forming a square 
standing on one point, with the center vertical sec¬ 
tion of line 40 feet (12 meters) long. These dimen¬ 
sions were only a first guess based on experience 
with the 40-meter model, although the antenna 
worked about as expected. Although the main radia¬ 
tion was vertically polarized endfire, there was a sig¬ 
nificant horizontally polarized radiation broadside. 
Total length of wire in this version was 192 feet (58.7 
meters) or about 0.76 wavelength. For the rectangu¬ 
lar 40-meter configuration, the total length of wire 
was 112 feet (34 meters) or about 0.82 wavelength. 
The diamond configuration produces more center 
loading, so the shorter length is reasonable, although 
resonant frequency is unknown for the 75-meter ver- 

node forcing 

An interesting question about the W8 or any other 
electrical-full-wavelength continuous conductor, 
such as a quad loop, is, "What determines the loca¬ 
tion of the current maxima?" Presumably this is fixed 
by the feedpoint and by the actual loop resonant fre¬ 


quency. If a damped wave train were excited in an 
unattached loop at a frequency not exactly resonant, 
you'd expect the current maxima to chase around 
the loop as the wave train died away rather than re¬ 
main at fixed locations. However, if the loop were 
opened at one point, this point is compelled to be a 
current node. 

This brings us to the variation of fig. ID, where 
one of the center crossover points is closed while the 
other remains open, forcing the array to produce a 
current node at the open ends. I've used the 40- 
meter W8 with both crossover points connected and 
with only one connected. As expected, I found no 
difference. 

As an aside, it seems possible that some of the 
occasional disappointments with quads whose ele¬ 
ments are either mistuned or incorrectly coupled 
might be partly explained by the current distributions 
on the parasitic elements having "slipped" around 
the loop, so that the current maxima are not in line 
with those of the driven element. This may help to 
explain why quads occasionally "squint." Although 
I've never heard of anyone doing so, it should be 
similarly possible to ensure the current distribution on 
quad loops, particularly the parasitic elements, by 
opening one of the vertical sides a quarter wave¬ 
length from the driven-element feedpoint and at cor¬ 
responding points for the parasitic elements, 
horizontally polarized 
omnidirectional radiator 

When the current maxima are close together, as in 
fig. 1C, the W8 should have a directivity in its own 
plane similar to that of the two-element 8JK beam: a 
figure-eight pattern with the nulls filled in a bit by the 
radiation from the short ends of the rectangle. As the 
shape is pulled out, so that the current maxima are 
farther apart and the center section of line is shorter, 
more of the current distribution contributes to radia¬ 
tion over the whole of the plane of the array. 

It's clear that, if the shape is pulled out to some¬ 
thing like that in the sketches of fig. 4, the pattern in 
the plane of the array will be close to omnidirectional. 
In three dimensions the pattern should be roughly 
doughnut shaped. If the array is mounted in a hori¬ 
zontal plane, the result will be omnidirectional hori¬ 
zontal polarization. Because the current maxima pro¬ 



fig. 4. W8 antenna shapes for an omnidirectional radia¬ 
tion pattern. 
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vide greatest radiation, it's necessary to pull out the 
shape past the point where it's roughly square or cir¬ 
cular. For a start you might try an ellipse with about a 
2:1 axial ratio or a rectangle about 1/4 by 1/8 wave¬ 
length, as suggested in fig. 4.1 hope some vhf exper¬ 
imenter will take a shot at this. 

If rod or tubing is used for construction, a quarter- 
wave transformer can be used for combined support 
and symmetric center voltage feed, as shown in fig. 
3. If you wish to force two current nodes, one of the 
crossover points can be left open and the corres¬ 
ponding end of the quarter-wave transformer also 
left free, resulting in a Zepp-fed arrangement. 

At vhf, horizontal W8s could also be stacked to 
produce an omnidirectional array with gain and hori¬ 
zontal polarization. The optimum stacking distance 
for antennas with some gain of their own is greater 
than a half wavelength. A convenient choice with the 
WB would be one wavelength interconnecting feed¬ 
lines, bent enough to accommodate the desired 
spacing. 

odds and ends 

The W8 is essentially a one-band antenna because 
the capacitive loading of the center section causes its 
natural modes not to be harmonically related. How¬ 
ever, it can be used at harmonics if one employs 
tuned, open wire feeders, as I do. Such use should 
be considered makeshift rather than desirable. I have 
used the 75-meter version on 40 meters, where the 
pattern should be roughly omnidirectional with a 
slight bias toward broadside. On the third harmonic 
I'd expect a slight endfire directivity. 

This may also be the place to point out that the W8 
is a narrowband antenna compared to a halfwave an¬ 
tenna. This is a property it shares with the 8JK, al¬ 
though the W8 antenna bandwidth can be expected 
to be somewhat narrower than that of the 8JK be¬ 
cause of its smaller size and center loading. The cur¬ 
rent maxima are about a quarter wavelength apart, 
so I'd expect the omnidirectional version of the W8 
to have somewhat greater bandwidth than that of 
the 8JK, however. 

A major aim of this article is to interest people with 
access to facilities in carrying out gain and imped¬ 
ance measurements and in experimenting with the 
omnidirectional version. I've tried without success to 
find any hint of this simple but interesting configura¬ 
tion in the commonly available works on antennas. 
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The newest rig in Kenwood colors. Providing 15 memories, 
offset recall, scan, touch-tone®, 25 watts output and a priori¬ 
ty feature. The touch-tone® pad is built-in foreasy frequency 
selection or autopatch use, andthe memories not only recall 
frequency, but the offset as well! Available soon. Call for 
quote. 



For both mobile or base operations (with an external 
supply), here’s the answer to your VHF dreams. Dual 
VFO’s, RIT, five memories and scan, FM, SSB, and 
CW, plus 100Hz resolution on the dial, make oper¬ 
ating the TR-9000 both simple and exciting. OSCAR 
anyone? The retail price of $499.00 is great 
enough, but call for quote! 



Not the first, but the best. Quality, with 1.5 
watts output, full digital synthesis with visible 
LCD frequency display. The reputation that 
this rig is gaining is testimony enough to say 
here’s the HT you’ve been dreaming about. 
$395.00 retail price, but call for quote! 
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the voice-band equalizer 


applied to build the VBE. Also shown is how to use 
existing equipment and resources to test the VBE. 
The voice-band equalizer is a project that will impart 
a sense of pride and accomplishment to the Amateur 
who builds one. 


This addition 
to your phone station 
uses an LM324 quad op amp 

Here is an equalizer for your microphone that 
plugs into the microphone jack. The voice-band 
equalizer (VBE) gives you control of your microphone 
frequency response. Three adjustments allow you to 
balance the low, mid-range and high frequencies. 
The VBE uses three bandpass filters designed to work 
on the most important part of the vocal spectrum. 
The passband of your transmitter (2.4 kHz nominal) 
is the section of audio frequencies I call the "voice 
band." The VBE divides this important voice band in¬ 
to three parts: low, mid-range and high. By adjusting 
three controls you can change your audio character¬ 
istics. You can boost mid-range and high frequen¬ 
cies to add punch — or accentuate low frequencies 
for more bass — all without changing your micro¬ 
phone. You can easily build the VBE in a few hours. 

This article shows how to work with and apply 
contemporary active circuits to an Amateur Radio 
design. Well-known passive tuned-circuit theory is 
reviewed, and newer tuned-circuit theory and design 
are introduced. The article also gives information on 
standard construction practices and how these are 



Inside the voice-band equalizer showing construction 
details. A PC board is used for the small components. 
Control pots are mounted on the minibox as shown. 


By R. Bradley, WB2GCR, Box 144, Hanna- 
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circuit design 

I built the circuit around an LM324 quad op amp. 
The LM324 consists of four independent operational 
amplifiers in a 14-pin DIP package. Each amplifier is 
internally compensated. Three of the amplifiers oper¬ 
ate as tuned circuits; one combines the action of the 
three separate tuned circuits. Each of the three active 
tuned circuits acts like the passive tuned circuit of 
fig. 1. Using the active rather than passive tuned cir¬ 
cuits eliminates the need for bulky and expensive in¬ 
ductors. In fig. 1 L, C. and R are combined to form a 
series-resonant circuit. At resonance, the electrical 
energy presented to LCR is shunted to ground and 
the inductive reactance, X L , and capacitive reac¬ 
tance, X c are equal. Also, at resonance, the impe¬ 
dance of the LC combination is theoretically zero 
iX LC = 0). 

The inductive reactance creates a current lag of 90 
degrees, while at the same time the capacitive reac¬ 
tance creates a current lead of 90 degrees. Since the 
two reactances ( Xl + X c ) are equal and opposite in 
phase, they cancel. In practice the impedance at res¬ 
onance is never actually zero. The Q of this series- 
resonant LC circuit is an expression of the ability of 
the circuit to reach "zero" impedance with respect to 
frequency: 

^ = AF(0.707 Fr) 

where Q = quality factor 

F r = resonant frequency 
A F = excursion of frequency from F r 
Also, Q = where X = reactance (ohms) and 
R = series resistance (ohms) for passive series- 
resonant circuits. The resonant frequency of the cir¬ 
cuit is: 


F r = - 7 __ (2) 

2k>JLC 

The passive RLC circuit has low impedance at res¬ 
onance and high impedance at other frequencies. So 
energy entering the RLC circuits through the control 
pots (fig. 1) will be shunted to ground at resonant 
frequencies. As you move the pots toward the nonin¬ 
verting amplifier, input signal is deleted from this in¬ 
put and attenuation occurs within the bandwidth of 
RLC. Similarly, when the control pot is turned in the 
opposite direction (toward the inverting input), fre¬ 
quencies are deleted to the 1C, causing gain within 
the bandwidth of RLC. Placing the control pot in the 
center of rotation causes equal effect on both invert¬ 
ing and noninverting inputs. The amplifier output is 
then flat. 



nents with an operational-amplifier 1C. The voice-band 
equalizer active circuit (fig. 2) exhibits equivalent charac¬ 
teristics. 


active circuit 

The operation of the active circuit for the VBE, fig. 
2, is similar to that of the passive design shown in 
fig. 1. Let's look at how the active circuit works. Am¬ 
plifiers U1B, U1C, and U1D are used in active tuned 
circuits. 2 The active design eliminates the need for 
inductors. 

Now, instead of the center (or resonant) frequency 
being controlled by LC values, C20 and 21 determine 
the center frequency. R21 and 22 also affect the cen¬ 
ter frequency. I kept their value constant, since they 


table 1. Suggested values for the active tuned circuits. 
Center (resonant) frequencies have been determined 
using the equation in fig. 2. 


resonant 

frequency 

filter (Hz) 

frequencies 

410 

521 

1299 

mid-range 1412 

frequencies 

1959 

high 2905 

frequencies 

3558 


capacitor value 

(fig. 2) (fiF) 

C21 0.2 

C21 0.01 

C20 0.15 

C21 0.01 

C20 0.15 

C21 0.0062 

C30 0.05 

C31 0.003 

C30 0.047 

C31 0.0022 

C40 0.033 

C41 0.002 

C40 0.033 

C41 0.001 

C40 0.02 

C41 0.001 
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also control the Q. The circuits of U1B, U1C, and tors. If you decide to experiment with the formula in 

U1D are identical except for the center frequencies, fig. 2, the calculator algorithm will save time and 

which are controlled by the capacitor values. The work. Whether you work longhand or use a calcula- 

center (resonant) frequency, can be computed by tor, remember that the C values in the equation are in 

the equation shown in fig. 2. farads-, the typical circuit values are in microfarads 

In table 1 I've provided some suggested compo- (/*F). Remember also to divide the /tF value by 10 6 to 

nent values and center frequencies for fig. 2. Use 10 convert to farads before substituting into the equa- 

per cent or better tolerance values of C to ensure that tion. 

the center frequencies arrive at computed values. 

bandpass filters 

calculator input The VBE requires three bandpass filters. The prob- 

Table 2 is an algorithm for TI30 or similar calcula- lem is to generate a bandpass characteristic using 
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only one op amp and a minimum number of related 
components. At first glance, the circuit of fig. 2 
might appear to be a highpass and a lowpass section. 
A bandpass characteristic can be generated by the 
circuit of fig. 2 because, at sufficiently high Q, both 
low and highpass active circuits exhibit bandpass 
functions. 3 The peaks shown in fig. 3 illustrate the 
similarity to a bandpass function that the lowpass 
and highpass functions can exhibit. The circuits of 
U1B, U1C, and U1D (fig. 2) each generate a function 
similar to those of fig. 3 and fig. 1. To combine the 
three active circuits, I use each to independently con¬ 
trol the response of a master amplifier, U1A. Its 
output reflects the constant Q peak generated by 
U1B, U1C, and U1D. The characteristics of the three 
tuned circuits remain constant. Only the response of 
U1A is modified by the degree to which U1B, U1C, 
and U1D are inserted. The VBE circuit gives ± 12 dB 
of adjustment with minimal interaction between con¬ 
trols. 

construction 

Construction of the voice-band equalizer is divided 
between the single PC board and the box that en¬ 
closes it. Most of the components are mounted on 
the board. The layout shown in fig. 4 is compact and 
contributes to easy assembly. Ample space is provid¬ 
ed for components of many different sizes. The single 
quad op amp (LM324) greatly simplifies layout and 
parts placement. You'll have no difficulty building 



fig. 3. Typical response curve of an active circuit. As Q 
increases, the circuit approaches bandpass-filter charac¬ 
teristics. (From reference 3.) 


the VBE if you follow the suggested layout. If you 
choose to experiment with single or dual op amp 
packages, you'll have to duplicate plus and minus 
power-supply lines as well as the ground connec¬ 
tions. 

Follow the general layout in either case to simplify 
construction and ensure predictable results. Be sure 
to use good electronic and mechanical techniques. 
Use a low wattage soldering iron, 60/40 solder, and 
watch for solder bridges, especially near the 1C 
socket. 


table 2. Algorithm 

for determining center Iresonant) frequency of each VBE tuned cir- 1 

cuit. The algorithm is for a TI30 lor later) calculator. 

enter 

press 

display 

notes 

R1 

X 

R1 

R in terms of ohms 

R2 

= 

R1R2 

the calculator has automatically converted to scientific 
notation 


STO 

R1R2 

place R1R2 in memory 


REC 

R1R2 

check memory 


CL 

0 

clear 

Cl 

EE 

Cl 

converting to scientific notation 
negative exponent 

6 

X 

Cl xlO-6 

C in terms of farads. (Don't press = yet.) 

C2 

EE 


converting again 

6 

= 

Cl x C2 

Cl C2 product in scientific notation 

RCUR1R2) 

RCL 


R1R2 from memory 


= 

R1R2C1C2 

in scientific notation 


•r 

V&1R2C1C2 

XT' 001 

2 

X 


two, times . . . 

TT 

= 

2» x V i 

P< 

1 

INV 

EE 

F 0 

F 0 (center frequency) in scientific notation 

convert back to Hz 


= 

F 0 = Hz 

your answer 
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fig. 4. VBE circuit board show¬ 
ing foil side. 



fig. 5. Component placement 
••for the VBE. Control pot jump¬ 
ers are mounted on the board 
but are shown off the board for 
clarity. Switch SW1 mounts 
onto the chassis as shown. 



I started to build the VBE with the printed circuit 
board. 4 Etch and drill the PC board. I drilled the nine 
control-pot connection points to accept small eye¬ 
lets. I used the three pots to provide a convenient 
way to mount the board in the box (the copper foil is 
not strong enough for this). The eyelets provide a 
strong mechanical connection for the pots. I found 
this method convenient, but you can use wires for 
mounting the pots and other means to mount the PC 
board. I used a good quality 14-pin 1C socket for the 
LM324 op amp. Molex pins or even direct soldering 
would work too. Next, I mounted the resistors and 
the jumper according to the parts placement shown 
in fig. 5. The jumper runs under C20. 

Include fefrite beads on the legs of RIO and R13. I 
installed the capacitors next, and then the jumpers 
for the control pots. I did not mount the controls until 
after the holes were drilled into the box. Since I sol¬ 
dered the controls directly to the eyelets on the cir¬ 
cuit board, the holes in the box must line up exactly 
with the controls that have been soldered to the cir¬ 
cuit board. 

Once the holes have been drilled for the controls, 
place the pots loosely into the holes, from the out¬ 
side of the box. Now solder the main board to the 
controls and they will line up for a good fit. Mount 
the foil side of the board toward the knob side of the 
controls so that clockwise rotation results in gain. 

The smallest box I could find to fit the VBE was 5 x 
3 x 1-3/4 inch (12.7 x 7.6 x 4 cm) minibox. The small 
box requires good construction techniques and a fair 
amount of care to make all the parts fit correctly. You 
can use a larger box for easier construction. A 5-1/4 


x 3 x 2-1/8 inch (13 x 7.6 x 5 cm) minibox is a good 
size. Before drilling the box, I placed all the parts in 
their relative positions to see how they fit together. 
Be sure to leave enough space for the batteries, 
switch, indicator LED and cables or connectors that 
you choose. Beware of the screws that hold the box 
togetherl Drill the required holes and mount the con¬ 
nectors, switch, and LED. This is a good time to at¬ 
tach labels to the box. 

SI controls the power and the input-output 
switching. When you turn on the VBE„ you're also 
placing it on line. In a pinch you can use two separate 
switches (dpdt) instead of one 4 pdt; just remember 
to use them both togetherl I covered the tail of the 
switch with some electrical tape to prevent acciden¬ 
tal short circuits. Remember that the input and the 
output are connected to the switch at the front of the 
box. I forgot this and cut some of the wires too short 
before realizing it and making corrections. Also don't 
forget the wires for the PTT circuit. It's a good idea to 
keep as much rf energy as possible out of the active 
circuitry. Note the use of ferrite beads and bypass 
caps. I put some beads inside the connectors to and 
from the rig and microphone for good measure. 

working with the circuit 

Two good-quality 9-volt batteries will operate your 
VBE for many hours. Current consumption is on the 
order of 30 mA at 15 volts for full rated output. Typi¬ 
cal quiescent current is less than 2 mA. The LED indi¬ 
cator can draw as much as several times the current 
of the circuit, so I chose a low-current LED to in¬ 
crease battery life. I used two batteries to supply 
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both plus and minus voltages to the LM324 op amp. 
The bipolar power supply simplifies circuit design 
and operation; many single-supply designs require 
additional components to create an artificial ground 
and to provide a low-impedance dc return for the in¬ 
put circuit. The minibox has enough space to include 
an ac power supply as an alternative to battery oper¬ 
ation. 

Some of the newer solid-state transceivers require 
that the microphone ground return be separate from 
the chassis ground. Also, some rigs require a sepa¬ 
rate ground return for the PTT control lines. Be sure 
to follow your manufacturer's schematic and instruc¬ 
tions explicitly. Misconnecting these critical ground 
returns can often result in erratic operation or oscilla¬ 
tion without apparent cause. 

An additional number of filters could be added to 
the VBE circuit by an enterprising builder. Simply add 
extra controls and extra active tuned circuits. Adjust 
their frequency centers by substituting C values ac¬ 
cording to the equation shown in fig. 2. 

I used an audio sweep generator and scope to 
check the VBE. Even if you don't have this equipment 
available, all you need is a variable-frequency signal 
source and an output indicator. 

If you don't have a signal generator you can use 
your SSB receiver as the signal source. Place the re¬ 
ceiver in the calibrate mode and use the audio output 
as your signal source. Disconnect the antenna to 
eliminate background noise and keep the af gain low. 
An oscilloscope is the best output indicator. You 
could use an ac VTVM or even a standard VOM in a 
pinch. The VOM will probably give only a relative indi¬ 
cation. The VOM is a linear voltage indicator and it 
doesn't have flat frequency response. Your tape re¬ 
corder RECORD meter is a good indicator. It has loga¬ 
rithmic calibration and is reasonably flat for the nar¬ 
row voice band. Sweep the frequencies and note the 
output on the indicator you're using. I found it useful 
to plot the levels onto a graph to get a visual feel for 
the way the controls work. If you monitor the output 
you'll hear the VBE operate. 

using the vbe 

The voice band equalizer low-, mid-, and high- 
range controls each have a total range of about 24 
dB. Each control can boost to 12 dB. The same con¬ 
trol can also attenuate as much as 12 dB. A full 12 dB 
is a considerable amount of gain in a relatively nar¬ 
row bandwidth. Often the addition of gain will re¬ 
quire readjusting the transmitter microphone gain. I 
watch the ALC indicator on my rig to avoid over¬ 
driving. 

I often find it more useful to use attenuation to 
produce the desired response. I try to balance the 


boost then attenuate to keep an even average level. 
For example, I boost the mid and high ranges, but at 
the same time roll off the lows. Or sometimes I boost 
the lows but also roll off the highs. Turning up all 
three controls together offers no real advantage. 

I've also found that listening to a tape recording of 
my station is a good way to hear the VBE work. The 
next best thing is to let a fellow ham borrow your VBE 
so you can hear how it sounds on the air. Reports 
from other hams can be misleading. On SSB the re¬ 
ceiver varies the pitch as you tune a signal. This ef¬ 
fect makes it difficult for others to describe the sound 
of the VBE. Keep in mind that the VBE doesn't add 
any distortion of its own, and most hams have come 
to expect some distortion from transmitting audio ac¬ 
cessories. Using the VBE is most like having several 
different microphones to choose from. When I heard 
a tape played of myself, I could hear the sound of the 
VBE right away. Hearing the VBE myself helped me 
know when and how to best make adjustments. 

speech processors and the vbe 

A normal speech pattern consists of highly varied 
peaks and valleys of rather low average level. Speech 
processing is a method of creating a more constant 
pattern with higher average level; this is why a 
speech processor seems to increase signal strength. 
Audio limiters, clippers, compressors and rf proces¬ 
sors are methods commonly used. Often speech pro¬ 
cessing will upset your normal tonal balance, impart¬ 
ing exaggerated qualities: too much bass, too many 
highs, not enough bass. If you already use a proces¬ 
sor, the VBE can give you extra control. By using 
both a processor and the VBE, you can make 
changes in the sound of the processed audio. 

conclusion 

The voice-band equalizer offers a new dimension 
in control and flexibility. Its straightforward design 
means that the average Amateur can build it suc¬ 
cessfully. To assist those who may have difficulty 
finding parts, I can supply many of them at a nominal 
cost. If you have any questions concerning the VBE 
or require information or parts, please send me a let¬ 
ter with a self-addressed stamped envelope for a 
prompt reply. I'll be glad to answer your questions if I 
can. The basic circuit of the VBE can be used in many 
applications limited only by your creative ability. 
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radials 


installing 
for vertical antennas 


A novel approach 
to the problem of 
installing radial wires 
in a grass lawn 


Antennas and propagation are always prime 
topics for discussion by hams. Each ham develops 
his favorite type of antenna and will readily champion 
it to any who are willing to listen. Most antenna dis¬ 
cussions are a combination of myth and reality, suc¬ 
cess and failure. I'd like to share my experience with 
a vertical antenna. 

the vertical antenna 

The mention of vertical antennas brings many 
thoughts to mind. How many have heard these or 
similar comments from time to time: "A vertical an¬ 
tenna radiates equally poorly in all directions." "You 
have to copperplate your backyard to make it work at 
all." "I just nailed it to my fence post and got DXCC in 
six months." 


I'm neither going to make any fantastic claims, nor 
tell a tale of failure. I will describe a technique of 
stringing radials that I used as a solution to my verti¬ 
cal antenna installation problems. 

The antenna I used was the Hustler 4BTV. This an¬ 
tenna can be used with or without radials when 
ground mounted. I preferred to use radials, but how 
many and how long? To answer these questions I re¬ 
searched the literature on vertical antennas. Most of 
this material indicated that many radials produced 
the best performancce. I was limited by my lot size in 
the length of radials I could run. Two articles were of 
particular interest to me because of the problems I 
was attempting to solve. 1 ' 2 Using the information in 
these articles, I decided to use 14 radials each 25 feet 
{7.6 meters) long. Now I had to decide how to install 
them. 

installation 

Installation of radials is another topic that has 
many "best ways." One method is to bury the radi¬ 
als, while another is to place the radials on top of the 
earth. Burying the radials defeated my purpose, and 
placing them on top presented a safety hazard to 
neighborhood children. I needed something in be¬ 
tween. 

I derived my method from two completely different 
bits of information. The first was from an antenna ar- 
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tide in which the radials were laid on the ground and 
grass seed sown over them: when the grass grew, 
the radials were held under the grass so that you 
could walk on them, or even mow the lawn, and not 
disturb the radials. My lawn was in place and I didn't 
want to strip it out and replant it. However if I could 
place radial wires along the ground under the grass, 
perhaps the safety advantage was attainable. 

The second piece of information was my memory 
of how I lost many arrows while an archery student 
many years ago. When I missed the target, the ar¬ 
rows struck the ground at a very shallow angle and 
traveled along the earth beneath the grass, some¬ 
times becoming completely buried. If I could fashion 
a tool to penetrate the grass like an arrow perhaps it 
could pull the radial wires behind it under the grass. 

The tool I developed is similar to a large sewing 
needle. I used pieces of 3/16-inch (4.75 mm) dia¬ 
meter hardwood dowel cut 6 inches (15 cm) long. I 
sharpened one end of each dowel in a pencil sharp¬ 
ener; then I drilled a 1/16-inch (1.6 mm) diameter 


hole through the dowel 3/8 inch (9.5 mm) from the 
end (fig. 1). I made 14 of these needles — and was 
then ready to begin laying the radials. 

Each radial consisted of a length of No. 22 (0.6 
mm) copper wire, wire obtained from a 50-foot (15- 
meter) spool of twisted antenna wire (Radio Shack 
catalog no. 278-1329). This twisted wire, which is 
made of seven strands of No. 22 (0.6-mm) wire, was 
cut in half, resulting in two 25-foot (7.6-meter) 
lengths. I soldered one end of each length to a spade 
lug for attachment to the antenna base. I then un¬ 
twisted each length into seven individual strands and 
coiled them to prevent tangles. I threaded the free 
end of each strand through the hole in the wooden 
needle, looped it back upon itself to form a bridle, 
then soldered, (fig. 2). 

When all of the needles were attached, I connect¬ 
ed the spade lugs to the antenna base mount. I laid 
seven radials at a time to avoid congestion at the an¬ 
tenna base. This is the point of this article: threading 
the radials into the lawn. 

laying the radials 

I began by uncoiling a strand of wire and laying it 
on the ground in a direction opposite to that in which 
it is to be sewn, (fig. 3A). Double the strand back on 
itself so that the wooden needle is under the base of 
the antenna, (fig. 3B). Now push the needle through 
the grass and along the earth, making sure it points 
in the direction the radial is to lay. Work the wooden 
needle along under the grass with your fingers, and 
the wire will slowly follow behind it. (A helper is 
handy during this operation to prevent kinks from be¬ 
ing pulled into the wire as it loops back on itself.) 
When the entire length of the radial is threaded, 
simply raise the needle up far enough to turn it so 
that it points downward. Then push it into the earth, 
thus anchoring the radial. 

some useful hints 

A little time spent in preparation of the lawn will 
make the task of threading radials easier. Cut and 
rake the lawn before working with the radials. This 
will reduce the mass of grass through which you 
must work the needle. After installing the radials, 
rake the surface in line with the radials — not across 
them. My lawn mower is set for a cutting height of 
2-1/2 inches (6.4 cm). None of the radials has been 
disturbed during mowing. 
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I A CW keyboard 
using the 

APPLE II 


Program listing 
and simple interface circuit 
for using this popular computer 
with your Amateur station 


The APPLE II computer has numerous possibilities 
for simplified interfacing to external devices. Four 
74LS flip-flop outputs are available that are pro¬ 
grammed to set or reset. Three inputs sense whether 
the data is TTL zero or 1. Four other inputs return a 
number 0-255, depending upon the series resistance 
of a 150k pot. 

As an example of what can be done, I drive an IDS 
IP-225 printer at 1200 baud from the GAME I/O 
socket, although the APPLE serial interface won't op¬ 
erate above 600 baud. The AN0 output provides serial 
data, while SW0 accepts "handshaking" or CTS sig¬ 
nals from the printer. With the four flip-flop outputs 
fed to a 4-bit decoder, up to 16 circuits can be con¬ 
trolled by the computer. 

CW keyboard 

Converting the APPLE II to a CW keyboard is quite 
simple. A program for this follows, with a circuit for 
interfacing to a relay driver (fig. 1). In the following 
discussion, $ denotes hexadecimal numbers, with 
decimal equivalents in parentheses (see program 
listing). 

Subroutine SBR 5 forms a dash, SBR 6 forms a 
dot, SBR 7 provides a short space between dots 
and/or dashes, while SBR 8 inserts a long space after 
formation of each numeral or letter. 


computer 

The keyboard is read in line 300 until a key is 
pressed. The test for numeral 0-9 or letter A-Z is in 
lines 376-418. Note that there's a relationship be¬ 
tween line numbers and the ASCII code read from the 
keyboard. For example, A = ASCII 193 (with bit 7 
set). The test for "Is it an A?" is in line 393. If it is an 
A, the program jumps to line 193, where the dot, 
space, dash SBRs are called. The program then re¬ 
turns to line 300 to read the next key. That's all there 
is to it. 

The program sends numerals or letter only. 
Obviously, punctuation and special characters for 
AR, SK, etc,, could be included. (But see line 420.) 
String input, then reading ASC for each string 
character in turn at line 300, would be a simple 
modification. (See page 89 of the APPLE Basic 
Manual for an equivalent of MID$.) These 
refinements are not included in my program because 
I use a bug for serious CW work. However, if a good 
keying relay is used, the CW is quite acceptable. 
(See notes in fig. 1.) 

A machine-language listing, resulting from the 
POKE statements in lines 10-23 follows the basic list¬ 
ing. The number selected for speed is loaded into 
$306 (774), although this location is initially loaded 
with $FF (255). Note that a simple modification of 
LDA $C030, following 0308 D0 FD would provide for 
sidetone from the APPLE speaker (C030 is the speak¬ 
er address, of course). Follow this with 88 D0 F5 AD 
58 C0 60. Conversion to POKE statements is left as an 
exercise for the user. 

interface/relay driver 

The interface comprises an emitter follower, 
mounted directly on the 16-pin plug that plugs into 
the GAME I/O socket. Pins 1, 16 are toward the front 
of the computer, so the two-wire output cable is 
brought straight back from pins 8, 9 through one of 
the slots on rear wall. 
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The emitter-follower provides 0,8-volt output. The 
relay driver should be tested to confirm that the relay 
closes with not more than 0.75 volt. If marginal, the 
use of a Germanium NPN transistor for Q2 is sug¬ 
gested. 

The Radio Shack relay is listed only because of 
ready availability. If you have a better relay with the 
same characteristics, by all means use it. The +5 
Vdc for the emitter follower is from the APPLE supply 
(pin 1). The driver uses 12 Vdc. Although this voltage 
is available at pin 50 of the peripheral sockets — or at 
the power-supply socket — it's not readily accessi¬ 
ble. Inclusion of a small 12-Vdc, 12-mA supply on the 
relay driver chassis is probably preferable. 

For those not familiar with LS chips, do not plug 
anything in with power on. Do not reach inside the 
APPLE cabinet without first grounding yourself by 
touching the power supply shield. 

radio-frequency interference 

Judging by what I hear on the ham bands from 
other computer hobbyists, and by articles in other 
Amateur publications, there appears to be a real RFI, 
or "hash" problem with some computers. Fortu¬ 
nately, this is not the case with the APPLE computer. 

I operate mine within 6 inches (15 cm), or less of the 
receiver. No hash occurs on 80 or 40 meters except 
for weak subharmonics of the 14-MHz crystal oscilla¬ 
tor. (I also run a color TV set on rabbit ears within 6 
feet (2 meters) of the computer. You can’t do this 
with most computers.) 


Program listing for the CW keyboard using the APPLE II 
computer: 

.■LIST 

1 GOTO 10 

5 POKE 774.SP! CALL 768! RETURN 

6 POKE 774.SP/3! CALL 768! RETURN 

7 FOR X=1 TO SP/4! NEXT X: RETURN 

8 FOR X=1 TO SP/2J NEXT X! RETURN 

10 POKE 768.173! POKE 769.8? 

12 POKE 770.192! POKE 771.160 

13 POKE 772.2S5! POKE 773.162 

14 POKE 774.255! POKE 775.202 

REM# (774) = speed selected. 

16 POKE 776.208! POKE 777.253 
18 POKE 778.136! POKE 779.208 
20 POKE 780.248! POKE 781.173 

22 POKE 782.88! POKE 783.192 

23 POKE 784.96 
25 GOTO 500 

176 GOSUB 5! GOSUB 7! G0SUB 5! G0SUB 
7! GOSUB 5! GOSUB 7! GOSUB 

5! GOSUB 7! GOSUB 5! GOSUB 
8! GOT U 300 REM0 

177 GOSUB 6! GOSUB 7! GOSUB 5! GOSUB 
7! GOSUB 5! GOSUB 7! GOSUB 

5! GOSUB 7! GOSUB 5! GOSUB 
8! GOTO 300 

170 GOSUB 6! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 5! GOSUB 7! GOSUB 
5! GOSUB 7! GOSUB 5! GOSUB 
8! GOTO 300 

17V GOSUB 6! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GOSUB 7! GOSUB 

s: gosub /: gosub 5 : gosub 

8! GOTO 300 

1U0 GOSUB 6! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GOSUB 7! GOSUB 
6 ! GOSUB /! GOSUB 5! GOSUB 

a: goto 3oo 

UU GOSUB 6! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GUSI.JB 7! GOSUB 
6! GOSUB 7! GOSUB 6! GOSUB 
8! GOTO 300 

182 GOSUB 5! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GOSUB 7! GOSUB 
6! GOSUB 7! GOSUB 6! GOSUB 
8! GOTO 300 

103 GOSUB 5! GOSUB 7! GOSUB 5! GOSUB 
7! GOSUB 6! GOSUB 7! GOSUB 
6! GOSUB 7! GOSUB 6! GOSUB 
It! GOTO 300 

184 GOSUB 5! GOSUB 7! GOSUB 5! GOSUB 
7! GOSUB 5! GOSUB 7! COSUB 
6! GOSUB 7! GOSUB 6! GOSUB 
8! GOTO 300 

IBS GOSUB 5! GOSUB 7! GOSUB 5! GOSUB 
7! GOSUB 5! GOSUB 7! COSUB 
5! GOSUB 7! GOSUB 6! GOSUB 
8! GOTO 300! REM 9 REM9 

190 REM LETTERS FOLLOW 

193 GOSUB 6! GOSUB 7! GOSUB 5! GOSUB 
a: goto 300 : rema 

194 GOSUB 5! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GOSUB 7! GOSUB 

6! GOSUB 8! GOTO 300! REM B 

195 GOSUB 5! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 5! GOSUB 7! GOSUB 

6i GOSUB 8! GOTO 300! REM C 

196 GOSUB 5! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 6! GOSUB 8! GOTO 300 

! REM B 

197 GOSUB 6! GOSUB 8! GOTO 300 

198 GOSUB 6! GOSUB 7! GOSUB 6! GOSUB 
7! GOSUB 5! GOSUB 7! GOSUB 

6! GOSUB 8! GOTO 300! REM F 


October 1980 Q 61 








I GOSUB 6: GOSUB 7! GOSUB 6: GOSUB 
7! GOSUB 6t GOSUB 75 GOSUB 

6: gosub s: goto 300 : rem h 

1 GOSUB AS GOSUB 7X GOSUB 61 GOSUB 
8S GOTO 300 

2 GOSUB AS GOSUB 71 GOSUB 5S GOSUB 
7! GOSUB 5! GOSUB 71 GOSUB 

5! GOSUB BS GOTO 300 S REM J 
5 GOSUB 5S GOSUB 7! GOSUB 6 t GOSUB 
7• GOSUB 5! GOSUB 8S GOTO 300 
! REM K 

t GOSUB A! GOSUB 71 COSUB 5! GOSUB 
7S GOSUB At COSUB 7: COSUB 
AS GOSUB 8• GOTO 300! REM L 
5 GOSUB 5! GOSUB 7! GOSUB Si GOSUB 
8: GOTO 300: REM M 
!> GOSUB 5! GOSUB 71 GOSUB A! GOSUB 
8: GOTO 300: REM N 
' GOSUB 5! GOSUB 75 GOSUB 5! GOSUB 
7! GOSUB 55 GOSUB 8: GOTO 300 
: REM 0 

3 GOSUB a: GOSUB 7! GOSUB 51 GOSUB 
7! GOSUB St GOSUB 7: GOSUB 

a: gosub 8: goto 300 : rem p 

? GOSUB 5: GOSUB 71 GOSUB 5! GOSUB 
7! GOSUB A! GOSUB 7! GOSUB 

5 : gosub a: goto 300 ; rem g 

3 GOSUB a: GOSUB 7: GOSUB 5: GOSUB 

7: gosub a: gosub 8: goto 300 
: rem r 

1 gosub a: gosub 71 gosub a: gosub 
7i gosub a: gosub 8: goto 300 

: REM s 

2 GOSUB 5: GOSUB 8: GOTO 300: 


: REM u 

> GOSUB a: gosub 7 : GOSUB a: gosub 
7 : gosub a: gosub 7 : gosub 

0: GOSUB s: GOTO 300 : REM V 
; gosub a: gosub 7 : gosub 5 : gosub 

71 GOSUB 5: GOSUB 8: GOTO 300 
: REM til 

> GOSUB 5: GOSUB 71 GOSUB A! GOSUB 
7: GOSUB a: GOSUB 7: GOSUB 

5: GOSUB 8: GOTO 300! REM X 
' GOSUB 5! GOSUB 7! GOSUB At GOSUB 
7\ GOSUB 5! GOSUB 71 GOSUB 

5: gosub a: goto 300 : rem y 

3 GOSUB 5! GOSUB 71 GOSUB 5! GOSUB 
7: gosub a: gosub 7: gosub 
a: GOSUB 8! GOTO 300: REM z 
l KB- PEEK (-16384) 

’ IE KB<128 THEN 300 
I POKE -16368,0 

) REM BY U. S. SKEEN - UAUR FEB 7 



399 IT KB=199 

400 IF KB=200 

401 IF KB-201 

402 IF KB--202 

403 IF KB=203 

404 IF KB=204 

405 IF KB-205 

407 IF KB=207 

408 IF KB=208 

409 IF KB=209 

410 IF KB--210 

411 IF KB=211 

412 IF KB=212 

413 IF KB=213 

414 IF KB=214 

415 IF KB=215 
41A IF KB--21A 

417 IF KB-217 

418 IF KB= : 218 
420 IF KB<17A 


THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
OR KB>218 


200 : 
201 
202 

203 

204 

205 
20A 

207 

208 

209 

210 : 


REM 


REM 


490 END 
500 CALL -936 

510 PRINT I PRINT " CW KEYBOARD 
(RELAY DRIVER )" 

520 PRINT : PRINT " BY UAU 

R" 

530 PRINT t PRINT " SELECT SPEED BY 
ENTERING" 

540 PRINT I PRINT " A NUMBER 75 TO 


550 PRINT ! PRINT 
0-25 UPM" 
5A0 PRINT : PRINT 

580 PRINT l PRINT 


100 = APPROX. 2 
255 = VERY SLOW 
75 = FAST" 


A00 

A10 


PRINT t INPUT 
CT SPEED",SP 
PRINT t PRINT 


NOW PLEASE SELE 
READY TO SEND" 


A20 POKE 774,SP 
A30 GOTO 300 


>Machine-Language Program. 


0300- AD 59 CO 

0303- AO FF 

0305- A2 A4 

0307- CA 

0308- DO FD 

030 A- 88 

030B- DO F8 

030D- AD 58 CO 

0310- 60 


LDA $C059 

LDY #$FF rem 

LDX #$64 Set AN0 

DEX OLY2 

BNE $0307 DLY/ 

DEY OlY/ 

BNE $0305 OLY2 

LDA $C058 Reset AM 
RTS Return to Beeic 


376 IF 

377 IF 

378 IF 

379 IF 
300 IF 

381 IF 

382 IF 

383 IF 

384 IF 

385 IF 


KB-176 
KB=177 
KB=178 
KB=179 
KB=180 
KB=181 


KB-185 


393 IF KB-193 

394 IF KB-194 

395 IF KB-195 

396 IF KB=196 


THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 
THEN GOTO 


183 

184 


185 :REM 9 
193! REM 

194 

195 


REMARK: In the example above, $64 
(Speed = 100) has been located in $306(774), in 
preparation for a dash. 
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CW regenerator 


for Amateur receivers 


Shake hands 
with the “Golden Articulator” 
kick back, and enjoy 
near-perfect CW reception 

Interference eliminated, superb audio, mes¬ 
merizing CW regeneration — these words are in the 
minds of every devoted CW operator. Well brace 
yourselves fellow Amateurs; these words are about 
to be realized. The Golden Articulator is here and you 
can prepare for a thrilling adventure in CW regenera¬ 
tion. 

features 

No longer will your headphones be filled with mul¬ 
tiple interfering signals, because this device contains 
useful features. These include: 

1. A frequency acquisiton adjustment with a range of 
400-1800 Hz. 

2. A variable release tie between 1-20 seconds for 
various incoming code characteristics. The circuit 
will automatically return to normal audio after the 
conclusion of incoming CW (very useful when my 
tube-type transceiver was warming up). This feature 
can be aborted with the front-panel RELEASE control. 

3. Adjustments for pitch and gain of the internal tone 
oscillator. The pitch control has a range of 280-800 
Hz. This feature was included as an alternative to 
monotonous single-tone copying. 


physical description 

Additional front-panel controls include a) power 
ON/OFF switch with LED; b) a LED that operates in 
agreement with incoming CW when the PLL is 
locked; and c) an OUTPUT impedance selector giving 
a choice of either 8 ohms or 1 kilohms. 

The rear panel supports the audio input jack and 
the two audio output connections. The power supply 
connection uses a twisted pair of insulated wires fed 
through the factory-produced opening in the chassis 
corner. 

The internal layout can be seen in the photo. Am¬ 
ple space is provided for all components by using the 
low-profile, cut-down chassis design. Obvious in the 
photo is the absence of an internal power supply. My 
unit uses an external power source consisting of two 
batteries: a 6-volt lantern battery in series with a 1 'h- 
volt D cell. (The additional D cell was required to pull 
in relay K1.) An internal ac supply 1 can be included if 
desired (fig. 1). 

operation 

Operation of the Golden Articulator begins with re¬ 
ceiver audio connected to its input jack (fig. 2). With 
headphones or a speaker plugged into the output 
jack, receiver audio can be monitored even if the unit 
is off. When the power is switched on, Cl feeds au¬ 
dio to the activated LM-567 PLL tone decoder; simul¬ 
taneously audio is connected to the output device 
through C2 and K1A. By varying frequency control 
R2, you can select the particular CW signal you wish 
to regenerate, When the PLL is locked, the lock LED 
will operate in agreement with the chosen incoming 
signal. The resultant digital signal produced on pin 8 
of the LM567 is applied to the 555 delay and 7413 in- 
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verter circuit inputs. The inverter is required because 
a positive trigger is needed by the 555 tone oscillator, 
which at this time is activated and output to the open 
contact of K1A. 

auto release 

You now have a decision to make. If auto-release 
switch SW3 is momentarily depressed, relay K1 will 
energize and K1A contacts will transfer. This action 


connects the internal tone oscillator to the output 
device and voilal — those dream words come true, 
producing tape-quality interference-free copy. In the 
auto-release mode, front-panel variable-release con¬ 
trol R8 must be adjusted for the incoming CW keying 
characterisics. This adjustment controls the holding 
time of K1 and should be set slightly longer than 
spaces or pauses, whichever is greater. Additionally, 
at the end of an incoming transmission, the 555 delay 
will begin its last timing cycle. At its conclusion it will 
automatically release K1, which returns the circuit to 
normal receiver audio. This transfer will usually occur 
during the early seconds of transmission. 

incoming-signal drift 

The beauty of this feature lies in the fact that, if the 
receiver is prone to drift, the signal can be first veri¬ 
fied as still on frequency, otherwise the headphones 
may be filled with emptiness. If the signal has drifted 
off frequency, as indicated by the extinguished lock 
LED, adjust the main tuning of the receiver — or bet¬ 
ter yet, slightly vary frequency control R4 while mon¬ 
itoring the lock LED for acquisition. Then depress the 
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auto release and you're back in business. This pro¬ 
cess sounds time consuming, but in reality it takes 
only a few seconds. 

manual release 

As mentioned earlier, you have a decision to make 
in the selection of release modes. The second choice 
is manual operation. By switching manual release 
SW2, K1 is immediately connected to the power sup¬ 
ply. To use this feature the incoming signal must be 
frequency stable. This capability was additionally 
useful during checkout of the unit, thereby avoiding 
the repeated dropout of K1. Incidentally, while on 
the subject of checkout, I used the calibration signal 
from my transceiver as a very convenient variable 
audio source. 

measurements 

The bandwidth of the tone decoder was measured 
over its input frequency range of 400-1800 Hz. As 
shown in table 1 , the bandwidth varied between 
40-120 Hz over the range. The bandwidth can be shift¬ 
ed, if desired, by changing PLL loop filter capacitor 
C4. A smaller value will widen the bandwidth and 
vice versa. 

Input sensitivity was measured for the same input 
frequency range. A value of 28 mV rms sine wave in¬ 
put was required for the LM567 to produce a stable 
lock and transfer its output state high to low. 

precautionary notes 

The output circuit of the LM567 will develop chat¬ 
ter 2 when C3 is relatively small. This phenomenon is 


a result of the output stage moving through its 
threshold more than once after lock. At moderate-to- 
high code speeds this chatter severely disrupted the 
input triggering for the 555 tone oscillator. To 
remedy this situation, capacitor C7 was connected 
between output pin 8 and output-filter pin 1 of the 
LM567. This eliminated the switching transient, 
thereby cleaning the trigger pulse to the tone oscil¬ 
lator. 

One other critical component is capacitor C12 con¬ 
nected across K1 coil. This capacitor's charge holds 
the coil energized during periods when pin 1 of the 
555 delay is positive and the delay has just timed out. 
Admittedly, this condition doesn’t occur very often. 
But it becomes a nuisance when K1 drops out during 
reception of critical information. A value of 220 /tF 
was sufficient to overcome this problem. 

The 555 tone oscillator produced a displeasing 
square wave output, which needed some help to pro¬ 
duce a pleasant tone. With the addition of C15, C18, 
and C19, the annoying leading-edge spikes were re¬ 
moved and sufficient waveform rounding was induced 
to produce a pleasant tone. 

construction 

Fabrication of the unit began with the modification 
of a standard 5 x 10 x 3 inch (12.7 x 25.4 x 7.6 cm) 
aluminum chassis. The bottom of the chassis was re¬ 
moved, leaving an open box measuring 5 x 15 x 1V4 
inches (12.7 x 38.1 x 3.8 cm). This low-profile design 
gives a streamlined appearance to the unit, accom¬ 
panied by the cover and four graduated knobs. The 
switches are packaged with several different colored 
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Note twisted-pair power-supply wires in || 4 

lower right comer. 
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le 1. Tone-decoder bandwidth measurements. 
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1. Loop filter C4 10.0/<F. 

2. Output filter C3 4.7 pF. 

3. Flow data taken when I 
put frequency. 

4. F high data taken when lock LED just de-energi 


energizes with increasing in. 


toggle slip-ons. To aid in switch identification I used 
one of each color. 

Board layout, as seen in the lid-off photo, follows 
the circuit diagram with parts being ordered left to 
right. The board is spaced from the chassis bottom 
with V* inch (6.4 mm) spacers leaving adequate 
space above the highest part; that is, K1. 

The right side of the board shows an empty sock¬ 
et. The original design used this socket with an 
audio-amplifier circuit. Experimentation indicated 
that this circuit was really not required because the 
555 tone oscillator could drive either a speaker or 
headphones with more than enough audio. The only 
loss was the convenience of gain adjustment for nor¬ 
mal receiver audio, but the transceiver gain control 
served the same purpose. 

concluding remarks 

Operation has been a pleasant experience in CW 
copying. With the 7.5-volt battery supply, total cur¬ 
rent drain is 150 mA. Obviously battery life will de¬ 
pend on use of the equipment, but a conservative es¬ 
timate would be 3-4 months. 

The greatest obstacle I encountered in phasing this 
unit into my operating habits was the pronounced 
absence of anything but one signal in my head¬ 
phones. After all, some of us old timers will find it dif¬ 
ficult to accept the fact that there are other ways 
besides listening to headphones filled with ear- 
splitting interference and noise. 

references 

1. Voltage Regulator Handbook, National Semiconductor, 1977 edition. 

2. Howard M. Berlin. Design of Phase-Locked Loop Circuits with exper¬ 
iments, Howard W. Sams BCo., Inc., Book No. 21545,1st edition, 1979. 
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Bill Orr’s famous 

Radio 
Handbook 

21st Edition 

Often referred to as the “California Hand¬ 
book,’ Bill Orr’s 21st edition of the RADIO 
HANDBOOK is a must for every ham’s book¬ 
shelf, 1080 pages cover extensively every¬ 
thing from antennas to zero bias tubes. In ad¬ 
dition you’ll find new and enlarged sections 
on frequency synthesizers, 1C design, HF and 
VHF linear amplifier construction and NBVM. 
Radio theory, construction projects, tests 
and measurements, and reference data are ail 
here, under one cover. W6SAI and more than 
20 other notable' Amateurs have combined 
their talents to produce one of the finest and 
most complete Amateur Radio reference 
sources ever put in print. 1080 pages. © 
1978. 

□ 24034 Hardbound $21.50 

Please add $ 1 for shipping 

Ham Radio’s Bookstore 

Greenville, N. H. 03048 


More Details? CHECK-OFF Page 94 


October 1980 09 67 










geometry of 

Phase III Spacecraft 


orbits 


Despite the failure of AMSAT Phase III on May 
23, 1980, AMSAT officials have urged publication 
of this article. Their thinking is that a vast majority 
of the Amateur fraternity was, at launch time, 
"too far down the learning curve" to have been 
effective users of the new satellite. We must begin 
now to prepare for the next satellite, scheduled for 
launch in 1982. 


I have just completed a project for AMSAT in 
which I wrote a BASIC tracking program for the 
Phase-lll Spacecraft elliptical orbits.* While this proj¬ 
ect is still fresh in mind I'd like to share some facts 
I've gleaned about the first of these satellites. Phase 
lll-A, which was to be launched in May, 1980. My 
source for this data is Rich Zwirko, K1HTV, Vice 
President of Operations, AMSAT. This satellite, after 
the kick motor is fired, will have the following orbital 
characteristics: 

a = 25028 km (length of the semi-major axis) 
e = 0.6852 (Eccentricity) 
i - 57degrees (Inclination) 

P = 655 minutes i Period) 

co = 210 degrees (Argument of perigee) 


•This program listing is available from ham radio on receipt of a self- 
addressed, stamped, 8x11 envelope. AMSAT volunteers may make avail¬ 
able cassette duping for the PET, TRS-80, AIM65, APPLE, and others. 
Watch the AMSAT newsletter. Orbit. 


(The argument of perigee will increase about 0.08 
degree per day.) These are the projected data if 
everything goes well. Now, for the uninitiated, I'll 
explain each one individually. 

orbit with respect 
to earth — definitions 

The orbit will be an ellipse (fig. 1), which lies in a 
plane called the orbital plane. Once and for all let's 
agree to view the satellite from "above" from where 
the satellite appears to move counterclockwise. The 
Earth will be at one focus of the ellipse. The closest 
approach to the Earth is called perigee ; the furthest 
approach apogee. The perigee, the two focii, the 
geometric center of the ellipse, and the apogee all lie 
on a line called the major axis. Exactly one half the 
distance from perigee to apogee, that is, the distance 
from the center of the ellipse to perigee (or apogee), 
is called the length of the semi-major axis, a. 

The eccentricity, e, is a measure of ellipse elonga¬ 
tion. If e = 0, the ellipse is a circle. If e were, say, 
0.99, the ellipse would be elongated and very flat. 

In fig. 1, I've tried carefully to show an accurate 
drawing of the actual shape of Phase lll-A orbit. If c 
is the distance from the ellipse center to either focus, 
e = c/a ; so perigee will occur at a distance of 
a-c = a(J-e) and apogee at a distance of 
a + c = a(l + e) from Earth center. 


By C. R. MacCluer, W8MQW, Post Office Box 
1858, East Lansing, Michigan 48823 
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The orbital plane is inclined i degrees to the 
equatorial plane, the plane containing the equator of 
the Earth (fig. 2). The inclination, i, is the angle 
between the two upward-pointing normals: one per¬ 
pendicular to the orbital plane pointing upward and 
one perpendicular to the equatorial plane (along the 
axis of rotation) through the north pole. 

The period, P, is the time in minutes needed for 
the satellite to complete one orbit from perigee to 
perigee. 

The last of the orbital characteristics, the argu¬ 
ment of perigee, is not encountered in circular orbits. 
This angle, u, is measured counterclockwise in the 
orbital plane and is the angle between the line of the 
ascending node and perigee (see fig. 3). This is only 
one example of the "Lord Kelvinesque" language 
that seems to abound in this discipline. 

The line of the ascending node is simply the line 
connecting the Earth's center with the equator cross¬ 
ing, EQX, of the ascending (northward-bound) pass. 
The northbound EQX is the ascending node. For 
instance, if a satellite had an argument of perigee of 
180 degrees, apogee would occur in an EQX of the 
ascending pass, while perigee would occur at the 
EQX of the descending pass. 



equatorial plane. 


argument of perigee — examples 

The argument of perigee of Phase lll-A satellites 
will be affected by the oblateness of the Earth. This 
will cause a precession of its orbit; that is, the argu¬ 
ment of perigee will increase daily at an estimated 
0.07-0.08 degree. Thus the ellipse will slowly rotate 
counterclockwise in the orbital plane about the 
center of the Earth. A precession of 0.08 degree per 
day seems small until compared with Mercury's pre¬ 
cession of 574 seconds per century! 

After launch, Phase lll-A will have apogee only 30 
degrees (true anomaly) past EQX, so that a signifi¬ 
cant portion of some passes will be at low elevation; 
thus antennas should be able to see to the horizon. 

For example, suppose a pass begins with a longi¬ 
tude of perigee of 270 degrees. Then almost 7-3/4 
hours of this 9-hour pass will be at elevation angles 
less than 15 degrees as seen from the Midwest. How¬ 



ever, after two years. Phase lll-A will have an argu¬ 
ment of perigee equal to 270 degrees; thus apogee 
will occur at the maximum possible latitude of 57 
degrees. The satellite will then, for most passes, 
hang high in the sky and will be accessible by small 
picnic-table-mounted arrays. At this writing it's esti¬ 
mated that a user will need, at apogee, a transmitting 
power of 700 watts ERP at 435.1 MHz and, for the 
average modern 2 -meter receiver, an antenna with a 
gain of 13 dBd at 145.9 MHz with circular polariza¬ 
tion. Received signals will, at apogee, be 5-6 dB 
weaker than those of AMSAT-OSCAR-7B. 

In contrast with the past sun-synchronous satel¬ 
lites, there will be no "typical" passes with Phase III. 
For instance, if the longitude of perigee is 0 degrees, 
then at no time during such a pass will the satellite be 
visible from the midwestern U.S.A. On the other 
hand, if the longitude of perigee is 180 degrees, the 
satellite can be worked for 9 hours continuously with 
6’/2 hours of elevations exceeding 45 degrees. 

Tracking will never be much of a problem. You'll 
be able to leave your beam at one setting, often for 
an hour at a time, without noticeable loss of signal. 
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mamfnotebook 


using the Radio Shack 
ASCII keyboard 
encoder for 
microprocessor- 
controlled CW keyboard 

I found that the Radio Shack 
277-117 ASCII encoder will not inter¬ 
face with the microprocessor-con¬ 
trolled circuit by WB2DFA in ham 
radio, January, 1978, page 80, unless 
some minor modifications are made. 

The problem is that the control key 
function designed in the Radio Shack 
encoder is not compatible with the 
microprocessor circuitry. To over¬ 
come this. I've installed an outboard, 
normally open, single-pole pushbut¬ 
ton switch, which is connected to a 
7400 as shown in fig. 1. This circuit 
places the two most-significant out¬ 
puts of the keyboard in the LOW state 


when the control button, SW2, or 
switch SW1 is activated. 

I prefer to use my old trusty elec¬ 
tronic keyer for contest operating; 
however the memory in the CW key¬ 
board sure is a work saver for calling 
CQ. That's why I've installed SW1 in 
parallel with SW2, so that it's only 
necessary to press the letter T to send 
the message stored in the memory. 
The rest of the sending is done with 
the electronic keyer in such an opera¬ 
tion. 

Frequently, when typing at higher 
speeds, letters would be missed. It 
turned out that the microprocessor 
chip did not like the strobe waveform 
produced by the keyboard. To over¬ 
come that problem I installed a 
74LS13 Schmitt trigger to change the 
pulse into a nice, clean square wave, 
which eliminated the problem nicely. 

It's been a good project, and I ex¬ 



tend my thanks to Jim, WB2DFA, for 
his assistance in getting the PROMs 
programmed and getting on the right 
track in this project. 

Frank Van der Zande, VE7AV 


more quad variations 

The familiar cubical quad antenna 
has been twisted into many shapes 
and variations, to the eminent pleas¬ 
ure of the twisters, and has per¬ 
formed quite well, nevertheless. Here 
are three more variations, two of 
which I've tried and found to be 
worthy of being added to the other 
modifications. 

The first two variations were verti¬ 
cally polarized arrays for two-meter 
fm operation. First comes the double 
quad, which consists of two driven 
elements in the diamond configura¬ 
tion with a common apex (fig. 2). 
The two loops are operated in paral¬ 
lel, thus reducing the load impedance 
presented to the transmission line, 
which might be expected to more 
closely match the line. Note that the 
parasitic elements have a slightly dif¬ 
ferent configuration, with a cross¬ 
over of the wires rather than a junc¬ 
tion. The reflector was 5 per cent 
larger than the driven element and 
spaced a quarter wavelength from it. 
The two directors were 5 per cent 
smaller than the driven element and 
were spaced 0.15 wavelength from 
the driven element, and from each 
other. 

This antenna was cut to size and 
assembled without any effort to max¬ 
imize tuning or dimensions. The 
VSWR was below 1.5. The antenna 
gave very good results until it suf- 
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fered mechanical damage because of 
violent weather. 

This multiple-quad concept can 
probably be expanded, particularly as 
a fixed array for use on the lower-fre¬ 
quency bands. The configuration of 
the driven and parasitic elements 
would be something like fig. 3. 

The second variation, which re¬ 
placed the double quad in an attempt 
to simplify the construction, was an 
adaptation of the bi-square beam, 
where the array measured a half 
wavelength on a side. Because this 
array is fed at a voltage point, a tuned 
stub was needed on the driven ele¬ 
ment. To bring the feed point nearer 
to the center of the structure, a half¬ 
wavelength open-wire stub was used, 
with a coaxial balun to obtain a bal¬ 
anced feed. Again, the reflector was 
5 per cent larger than the driven ele¬ 
ment and spaced a quarter wave¬ 
length from it. 


This was only a two-element beam, 
so no directors were used, although 
they should function as well with this 
configuration as with any other. The 
dimensions of the final arrangement 
are shown in fig. 4. After a careful 
adjustment, consisting of trimming 
the tuning stub and locating the feed 
points, it was possible to bring the 
VSWR below 1.05. 

This antenna was somewhat small¬ 
er and easier to assemble than the 
other and has given a good account 
of itself. Not having an antenna test¬ 
ing range, I'm unable to give a meas¬ 
ured pattern of it, but the front-to- 
back ratio appears to be all that can 
be expected from a two-element 
affair, and the forward gain is very 
satisfactory. 

The third variation suggests a 
means of building a balun into the 
driven element of a monoband quad. 

I haven't tried this one as yet, but it 


looks very interesting. As seen in fig. 
5, the driven element is composed 
entirely of coaxial line. The feed line is 
continuous all the way to the top cen¬ 
ter of the driven element, at which 
point the outer conductor ends. The 
center conductor connects to the 
other half of the driven element, 
which, in the interest of symmetry, is 
made of the outer conductor of the 
same-size coaxial line. 

Back at top center, currents flow¬ 
ing on the outer conductor of the 
feed line reach the end of that con¬ 
ductor and flow back on the outside 
of the outer conductor, thus bal¬ 
ancing the currents on the other half 
of the driven element. The result 
should be a completely balanced 
feed, with minimum feedline radia¬ 
tion to complicate the problems of 
TVI and unwanted rf in the shack. 
Any takers? 

Henry S. Keen, W5TRS 
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products 


repeater "Tail-Chopper" 

Circuit Electronics, Inc., of Salina, 
Kansas, is introducing a repeater 
squelch-tail eliminator called "Tail 
Chopper." Two models are featured: 
TC-2000 and the TC-2100. Both use 
temperature-compensated operation¬ 
al amplifiers and digital logic, and 
have a five-turn control and LED indi¬ 
cator for maximum sensitivity. 

TC-2100 is a universal module (as 
shown) that can be connected to 
most repeaters to eliminate squelch 
tails. It has a squelch enable-disable 
function if needed for tone operation. 

TC-2000 is a plug-in module to fit 
Regency's U10R uhf repeater, with 
simple, one-wire hookup. Existing 
squelch can remain functional. 

A PC-board with parts and instruc¬ 
tions is available for kit builders. For 
more information, write Circuit Elec¬ 
tronics, Inc., 621 Bishop, Salina, 
Kansas 67401. 
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1750-meter transmitter 

Palomar Engineers has announced 
a new transmitter kit for the 160-190 
kHz experimenter's band. Operation 
at one watt input power and with a 
50-foot maximum antenna length is 
permitted by the FCC, with no license 
required. 

The transmitter is in two parts: the 
main transmitter assembly contains 
the frequency generator, power sup¬ 
ply, and the control panel. It is lo¬ 
cated at the operating position. The 
antenna-tuning assembly mounts at 
the base of the antenna. 

All the difficult assembly and wir¬ 
ing (including winding the Litz wire 
coils) is factory completed. Wiring of 
the kit takes about an hour with sim¬ 
ple tools. Complete assembly and 
operating instructions are supplied. 

The transmitter is for CW operation 
but easily can be a-m modulated if 
desired. Price is $145. For more infor¬ 
mation write Palomar Engineers, Box 
455, Escondido, California 92025. 


Millen grid-dip 
oscillator 

A tube-type grid-dip meter for test¬ 
ing radio frequency circuits, rf 
chokes, oscillators, antennas, and 
similar devices, formerly manufac¬ 
tured by Millen, is now available from 
Caywood Electronics, Inc., of Mai¬ 
den, Massachusetts. 

The Millen model 90651-A Grid Dip 
Meter is an oscillating frequency 
meter that determines the resonant 
frequency of de-energized circuits. 
Accurate to ±2 per cent, it covers a 
range of 1.7 to 300 MHz with 7 plug¬ 
in coils, and provides signal power 
output for use as an antenna bridge 
source. A semiconductor electronic 
voltmeter indicates output amplitude. 

With seven direct-reading scales 
and a universal scale, the Millen 
model 90651-A Grid Dip Meter 
weighs 3-1/2 pounds and measures 
7-1/4 x 3-1/2 x 3-3/16 inches. The 
rugged, copper-plated unit and coils 
store in a sturdy carrying case. Addi¬ 
tional coils for frequencies to 165 
kHz, and a 3-foot extension probe are 
optional. 

The Millen model 90651-A Grid Dip 
Meter is priced at $180, complete 
with seven coils and case; each addi¬ 
tional coil is $17.75. Literature is avail¬ 
able on request. 

For more information contact Cay¬ 
wood Electronics, Inc., Wade Cay¬ 
wood, 67 Maplewood Street, P.O. 
Drawer U, Maiden, Massachusetts 
02148. 



76 B1 October 1980 



r 



ATNTd own con ve rte r 

P.C. Electronics has introduced a 
new fast-scan ATV downconverter 
which converts the entire 420-450 
MHz band down to TV channel 2 or 
3, or to a 45-MHz i-f, with full band¬ 
width for color and computer video. 

The standard model TVC-4 con¬ 
tains a new microstrip converter with 
a low-noise MRF901 preamp stage, 
12 Vdc power supply, 8NC antenna 
input connector, and type F output 
connector. The low-noise-figure pre¬ 
amp stage enables seeing sync bars 
down to as low as 0.3 microvolts. An 
ultra-low-noise NE64535 preamp 
stage is also available as an option to 
get sensitivity down to 0.2 microvolt 
in the TVC-4L. 

The TVC-4 downconverter comes 
in an attractive Ten-Tec JW-5 enclo¬ 
sure, and Ten-Tec has specially 
coated the Cycolac woodgrain side 
panels with a conductive coating for 
excellent shielding. 

Pricing for the downconverters is 
$85 for the standard low-noise 
TVC-4, $115 for the ultra-low-noise 
TVC-4L. Both prices include shipping 
in the U.S. For those who wish to 
build their own cabinet and power 
supply, the downconverter modules 
by themselves, wired and tested, are 
available (TVC-2 and TVC-2L) for 
$49.50 and $79.50 respectively, post¬ 
age paid. Write for a complete ATV 
catalog. Send a self-addressed, 
stamped envelope to P.C. Electron¬ 
ics, 2522 S. Paxson Lane, Arcadia, 
California 91006. 


IC Keyer 


The World’s Greatest Sending Device 



Adjustable to Any Desired Speed 

Now available from Palomar Engineers — the new 
Electronic 1C KEYER. Highly prized by professional 
operators because it is EASIER, QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease CLEAR, CLEAN-CUT 
signals at any desired speed. Saves the arm. Prevents 
cramp, and enables anyone to send with the skill of an 
expert. 

SPECIAL RADIO MODEL 

Equipped with large specially constructed contact points. 
Keys any amateur transmitter with ease. Sends rylanuai, 
Semi-Automatic, Full Automatic, Dot Memory, Dash 
Memory, Squeeze, and iambic — MORE FEATURES 
than any other keyer. Has built-in sidetone, speaker, 
speed and volume controls, BATTERY OPERATED, 
heavy shielded die-cast metal case. Fully ADJUSTABLE 
CONTACT SPACING AND PADDLE TENSION. The 
perfect paddle touch will AMAZE you. 

Every amateur and licensed operator should know how to 

send with the 1C KEYER. EASY TO LEARN. Sent 

anywhere on receipt of pric e. Fre e brochure sent on 

request. ^3 

Send check or money order. 1C KEYER $117.50 in U. S. and 

Canada. Add $4.00 shipping/handling. Add sales tax in 

California. 

Fully guaranteed by the world's oldest manufacturer of 
electronic keys. ORDER YOURS NOW! 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


More Details? CHECK-OFF Page 94 
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YOUR 

VACATION 

ANTENNA 


BARKER & WILLIAMSON 


Model 

370-10 



Portable Antenna for 2, 
6,10,15,20 and 
40 meters 

Weighs Less than 2 lbs. 


Disassembled for packing or storage 
Only 22Vz inches long 
VSWR: 1.1:1 

Whip extends to only 57 inches 
Complete with 10 ft. coax; 
counterpoise and all coils. 


AVAILABLE AT YOUR B & W DEALER 
OR WRITE: 



Barkers Williamson, Inc. 
10 Canal Street 
Bristol, PA. 19007 



Telrex 5-element beam 

Telrex introduces the latest in its 
series of professionally engineered 
antennas, a five-element, balun-fed 
10, 15, and 20-meter tri-band beam, 
Model TB5ES. The TB5ES provides 
optimum forward gain, front-to-back 
ratio, and signal-to-noise ratio, in an 
antenna which exhibits a clean and 
precise pattern. 

The quality of the TB5ES is also in 
keeping with its famous Telrex prede¬ 
cessors, the TB5EM and the TB6EM. 
A precision-machined boom, hermet¬ 
ically sealed, epoxied traps, stainless- 
steel electrical hardware, preformed 
gusset mounting straps, reinforced, 
extremely heavy-walled boom and 
elements, elements driven through 
the boom, high-strength, seamless, 
drawn-dural aluminum tubing, and a 
non-ferrite, coaxial high-performance 
Baiun (provided with the antenna) are 
only a few of its many attributes. 

Consistent with the workmanship 
normally associated with Telrex, the 
TB5ES is a hand crafted, precision- 
machined antenna. 

The TB5ES has an 18-foot boom, 
36-foot longest element, 22-foot turn¬ 


ing radius, 7-square-foot wind sur¬ 
face area, weighs 49 pounds, and is 
shipped via motor freight in a 13-foot 
long carton. 

The half-power beamwidth is 60°, 
with 35 dB side nulls and a 1 kW peak 
power rating. 

The price is right at $315.00 f.o.b. 
Asbury Park, New Jersey. 

For further information write Telrex 
Labs, P.O. Box 879, Asbury Park, 
New Jersey 07712, or phone (answer 
phone available day or night, Satur¬ 
days, Sundays, and holidays) 201- 
775-7252 and leave your mailing 
address. 


short circuit 

Yagi antenna design 

In W2PV's article, page 39 of the 
June, 1980, ham radio, the highest 
gain value on the graphs should read 
15, not 0.5. The three graphs in the 
left-hand column should all read 
Boom = 0.75X; the three in the right- 
hand column should all read Boom 
= 1.25X. 
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MGF 1 400 NF 2.0DB 
AT 4GHZ MAG 1 SOB 
$20.50 


MGF 1 41 2NF.ODB 
AT 4GHZ MAG 1 ODB 
$75.00 
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COP—VISA—MASTERCHAROE 


HAM RADIO REPAIR — Professional lab. pe 
vice. "Grid'' Grldley. W4GJ0. April thru Oct< 

Box 138B, Rising Fawn. Georgia 30738. (404) 657-78 

Florida 33512. (904) 799-’2789. 

DRAKE C LINE. T4XC with spare final 
blanker, WWV, AC4 P.S., MS4 Spkr. La 
original shipping cartons, manuals, etc 
tlon. $900.00. Hank. K1Z0I. 2 Agllpay 
03031,603-882-8896. 


STOP LOOKING for a good deal on amateur radio equip- 


than ever where you buy Is es Important as what you buy. 
We are factory-authorlzed dealers for Kenwood, Drake, 
Yaesu, Collins. Wilson, Ten-Tec, ICOM, DenTron, MFJ, 
Tempo, Regency, Hy-Galn, Mosley, Alpha, CushCrafl, 
Swan and many more. Write or call us today for our low 
quote and try our personal and friendly Hoosler Service. 
HOOSIER ELECTRONICS. P.O. Box 2001, Terre Haute. 
Indiana 47802. (812) 2381459. 


Box 66, Trout Run. PA 17 

C8 TO 10 METER PROFESSIONALS: Your rig or buy 
ours — AM/SSB/CW. Certified Communications, 4138 
So. Ferris, Fremont. Michigan 49412; (816) 924-4561. 


originals, 50« for samples i 
Michigan 49412. 

NEED HELP for your Novice or General ticket? Recorded 


P.O. Box 6015, Norfolk, VA 23508. 

ANTIQUE (PRE-1950) TELEVISION SETS WANTED. Will 
pay top dollar tor unusual or pre-WWII sets, Arnold 
Chase, 9 Rushlelgh Road, Wesi Hanford, Connecticut 
06117(203)521-5280. 

ly collection. Special 

ne^^uM Sky nder’’ > °SX-10, 
5X-12 and others. Chuck Dachla, 
WD5EOG, 4500 Russell, Austin, TX 78745. 

STOLEN EQUIPMENT: The following was stolen June 
22, 1980: SRC 145A 2 Mtr. Walkie-Talkie with Touchtone 
pad Ser. #504279; SRC 432 450 MHz Walkie-Talkie. Ser. 
#408052; Midland 13-509 220 MHz Transceiver, Ser. 
#61001736; Icom IC-320 Transceiver (450 MHz), Ser. 


regarding this equipment, please contact th 
Police Department (Case #R79164). 


Coming Events 

OHIO: Heart of Ohio's 5th annual Ham Fiesta on October 
29 at the Marlon County Fairground’s Coliseum In 
Marlon, OH. Flea Market, prizes, XYL drawing. Talk-In on 
90/30 and 52. Dealer space available. For more Info: Paul 
Kllzer. W8GAX, 393 Pole Ln. Rd.. Marlon, OH 43302. 


lay, food available, fo 
ar. 417 Regal Drive, London, N5Y 1J8. Talk-In or 


MARYLAND: Columbia Amateur Radi 
fourth annual Hamfesl on October 12 at the Howa 
County Fairgrounds at 8 a.m. Admission: $3.00, la 
gating and tar ' —*- J - 



Bind ’em 

and 

Find ’em 

Keep those valuable issues of both Ham Radio 
and HORIZONS like new. Prevent smears, tears 
and dog ears. Bind 'em together and enjoy lor 
years to come. You'll be happy you did! 

★ ★ ★ 

HAM RADIO BINDERS 
Beautiful buckram binders complete with date 
labels. Available In our new large size to ac¬ 
commodate HAM RADIO'S hefty issues. 

□ HR-BDL Each Just $6.95 

3 lor $17.95 

HAM RADIO MAGAZINE FILES 

Your collection ol HAM RADIO Magazines is a 
valuable resource. Here’s a brand new, inex¬ 
pensive way to store them. These sturdy card¬ 
board magazine files keep them clean, neat 
and up front where you can use them lor quick 
and easy reference. 

□ HR-HRMF $1.95 each 

3 for $4.95 

HAM RADIO HORIZONS BINDERS 

Handsome washable binders complete with 
date labels. 

□ HR-HRDL Each Just $6.95 

3 lor $17.95 

HORIZONS MAGAZINE FILES 

Your collection of Ham Radio HORIZONS Is a 
valuable resource. Here's a brand new. Inex¬ 
pensive way to store them. These sturdy card¬ 
board magazine liles keep them clean, neat 
and up front where you can use them tor quick 
and easy reference. 

□ HR-HRHF $1.95 each 

3 for $4.95 

ORDER TODAY 

Ham Radio’s Bookstore 

GREENVILLE, NEW HAMPSHIRE 03048 

OR CALL TOLL FREE 

1 (800) 258-5353 


BINDERS 

□ HR-BDL S6.9S la. 

□ HR-HRDL 3/J17.95 

□ CASH □CHARGE 

FILES 

□ HR-HRMF *1.95 II. 

□ HR-HRHF 3/94.95 

□MC DVISA 
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i"varifilter 

■ single audio filter 
J versatile 
I compact 
I Easy 
- operation 


Both models 

Variable frequency 

from less than 150 Ha to over 3000 Ha 

variable bandwidth 
Tuning eyes 

for fast, accurate tuning 

Peak/Notch Modes 

to maximize a signal, or mlnlmiae 
Interference, or Both with a Signal Enforcer 



S139.95 

feature: 


Signal Enforcer i 

dual audio filter g 

Two independent filters » 

Demodulator output * 

$189.95 I 
| Add S3.00 shipping/handling | 

I KKantronics ■ 

I 1202E.23rdStreet (913)842-7745 | 

^ Lawrence, Kansas 66044 



fsotron Antennas 



•Liniils lor 2:1 SWR; center Irequencyadjustable 

with 500 coax For indoor or ouldoor nounling Excellent lor 

3 s BILAL COMPANY e© 


STAR ROUTE FLORISSANT, CO. 80816 


S-LINE OWNERS 

ENHANCE YOUR INVESTMENT 


TUBESTERS™ 


• S-line performance—solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 
your S-line. 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage, CA 95481 (707) 462-6882 


MASSACHUSETTS: 19-79 Repeater Association of Mal¬ 
den, Massachusetts, firal annual flea market on October 
19 at the Beachmont VFW Post, 150 Bennington Street, 
Revere, Massachusetts. Admission: $1.00. Talk-In on 
19-79 at .52. More into: P.O. Box 221, Malden. MA02148. 

INDIANA: Marshall County A.R.C.’s Plymouth, Indiana, 
Swap and Shop on October 12 at the National Guard Ar¬ 
mory In the west part of Plymouth. Tickets: $2.00 advanc¬ 
ed and $2.50 at door. More Into: P.O. Box 151, Plymouth, 
IN 46563. 

PENNSYLVANIA; Foothills A.R.C. of Greensburg. 
Annual swap and shop on Nov. 8 at the St. Bruno’s 
Church In South Greensburg. 9:00 A.M.-5 P.M. Prizes and 
much mora. Talk-ln on 148.07 .67 and .52 simplex. 
Dealers welcome. Advanced table reservations: Jim Yex, 
WB3CQA, (412) 256-3531. More Into: Chuck Hamman, 
WB3HZM (412) 837-9194. 

TEXAS: El Paso Hamfast on October 11 and 12 at the 
Mlssle Inn. 9487 Dyer Street (U.S. 54). Talk-In on 
146.28-.88. Seminars, swap tables, door prizes, and 
more. Write El Paso Hamfest, P.O. Box 4573, El Paso. TX 
79914 or call Mary Ann or Roy Gould, (915) 751-7638. 

NEW ZEALAND: New Zealand Association ot Radio 
Transmitters Inc. VK/ZL Oceania DX contest 1980 from 
1000 GMT Saturday. October 4. to 1000 GMT Sunday. 
October 5, Phone. 1000 GMT Saturday, October 11. to 
1000 GMT Sunday. Octo ber 12, C W. 
JAMBOREE-ON-THE-AIR: Starts; 0001 UTC October 18. 
Ends: 2400 UTC October 19. Sponsored by the World 
Scout Bureau. Not a contest. Just an opportunity lor all 

c^es^avadlab^from^^GND' K^.'^^^ar^ie Maxwell 
Avenue. Hlghtstown, NJ 08520. Freqs. Phone: 3940, 
7290, 14.290, 21.360, 28.990, 50.500. CW: 3590, 7030, 
14.070,21.040,28.190,50.050. Novice: 3750,7125.21.140. 
All SSTV, RTTY frequencies. 

GREATER DELAWARE VALLEY - 80 HAMFEST will bfl 
held October 19, 1980, In Pennsauken, New Jersey, al 
the Nashville East Cotillion Ballroom on Rt. 73 Irom 8 
AM to 5 PM. Over 19,000 square feet ot exhibit space (no 
hallways). Seminars. YUXYL activities, and films. Door 
prizes hourly until 3:30. Talk-In 146.22/82. Tailgating Is 
$3.00/10’ space, indoor tables are $5.00. Tickets aro 
$2.50 at the gate and $2.00 In advance. For reservations, 
maps or tickets write GDV-80, 15 East Camden Avenue, 
Mooroatown. New Jersey. 06057 or call 609-234-3926. 

NEW YORK: Radio Amateurs ol Greater Syracuse Ham¬ 
fest on October 4 at the Arts and Home Center, New 
York State Fairgrounds. Exhibits, Indoor/outdoor (lea 
market, woman’s program, door prizes, food and more. 
Talk-ln on 31/91 and 90/30. Tickets: $2.00. More Info: 
R.A.G.S., P.O. Box 88, Liverpool, NY 13088. 

MASSACHUSETTS: Framingham A.R.A. flee market, 
Sunday. November 9. 1980. at lha Framingham Police 
Station Drill Shed. Doors open 9 A.M. Admission $1; Sell¬ 
ers: $5/table. Talk-ln on 147.75/.15and 146.52 simplex. In¬ 
formation - Ron Esalka, K1YHM, F.A.R.A., P.O. Box 
3005, Saxonvllle, MA 01701; lei: (817)877-4520. 

PENNSYLVANIA: Pack Rats fourth annual Mid-Atlantic 
States VHF Conference on October 4 at the Warrington 
Motor Lodge, Rle. 611, Warrington, Pennsylvania. Ad 
vanced registration: $3.00, $4.00 at the door. Includes ad 
mission to Hamarama 80 flea market at Bucks County 
Drive-In, Rt. 611, Warrington. Flea Market alone Is $2.00 
Tailgating: $2.00 per space. Talk-ln W3CCX on 52. Info 
for bolh events: Ron Whltsel, WA3AXV, P.O. Box 353 
Southampton. Pennsylvania 18968. (215)355-5730. 

NEW YORK: ARRL Hudson Division convention on No 
vember 7-9 at Pines Resort Hotel In South Fallsburg, 
New York. Exhibits, door prlres and much more. More In- 
lo: Randy Gutentag, WA2RMZ, 88 Balch Ave., Placate 
way. NJ 08854. 

VIRGINIA STATE ARRL CONVENTION: The Fifth Annual 
Tidewater Hamfest and ARRL Virginia State Convention 
will be In the great new Virginia Beach, Virginia Arts and 
Conference Center, October 4 and 5,1980. ARRL, Traffic, 
DX Forums, XYL free bingo and lounge. Admission 

FM transceiver. Flea market spaces $3.00 day. Ticket 
and Information - TRC, P.O. Box 7101, Portsmouth. 
Virginia 23707 SASE. 

MICHIGAN: Oak Park High School Electronic Club’s 
11th annual Swap-N-Shop on November 30 at the Oak 
Park High School. Oak Park. Michigan. 8:00 A.M. to 4:0G 
P.M. Door prizes, refreshments and more. Admission: 
SI. 50 In advance and $2.00 at the door. More Info or 
llckels: Herman Gardner, Oak Park High School, 13701 
Oak Park Blvd., Oak Park, Michigan 48237 or call Bruce 
at 313-543-8569. 


ATTENTION HAMS! 
Earn a “FREE” 
Antenna, Tower 
or BOTH! 

If you are employed by a company 
that could use a high lift work plat¬ 
form, as shown below, you may 
earn a new antenna system FREE. 



With today's inflationary times, 
this may be the perfect opportunity 
to upgrade your station with no 
drajn on the family budget. 

Contact Jerry Flatt at WILSON 
SYSTEMS for the details on this 
offer... call Toll Free (800)634-6898. 


frnriflw/LSO/v 

iiJgJMg SYSTEMS, INC. 

4286 Polaris Avenue 
Las Vegas. Nevada 89103 

(800) 634-6898 


More Details? CHECK-OFF Page 94 
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® Observation 
& Opinion 


A new book has come to our attention, a book interesting enough to merit mention in this column. 
The name of the book is From Beverages Thru OSCAR — A Bibliography, and the author is Rich 
Rosen, K2RR, of Littleton, Colorado. 

From Beverages Thru OSCAR is not, as the name might imply, a bibliography of reference works 
dealing with Amateur antennas. It is instead a complete list of every article of interest to the Radio 
Amateur and professional published over the last 65 years in any of 288 electronics magazines and 
journals, including CQ, ham radio, 73, and QST,. The 30,000 articles referenced in this text are divided 
into 92 subject categories, to make locating any given article largely a matter of determining into 
which category it should fall. Catchy or cute article titles have been simplified and entered into their 
proper category. The subject categories include such headings as Preamps, Oscillators, Filters, SSB, 
Lasers, Alternative Power Sources, Receivers, and Antenna Hardware. 

The value of such a reference text is immediately obvious. Having access to this bibliography 
makes it possible to track down that elusive article on signal enhancement, or rotators, or whatever 
— that article that you're sure you've read in some magazine or other, but you can't quite remember 
which magazine it was. Or whether you read the article while in the "Fathers' Suite" of the maternity 
ward waiting for Junior to be born or on the way to his high-school graduation. Or whether the arti¬ 
cle was in one of your regular subscription magazines or in one you leafed through at a flea market 
but decided not to buy. Now, with the help of K2RR's bibliography, that long-lost article can be 
found with a quick look in the appropriate table. 

In addition, the bibliography makes it easy for the researcher or homebrewer to find just the infor¬ 
mation he needs to get started on the project put off so many times for want of a few tips from some¬ 
one who's already tried. K2RR's index of articles will not, of course, give you the information you’re 
looking for — but it will tell you where to find it, and that's very nearly as good. 

Each subject category consists of a list — some of them quite lengthy — of the articles compiled 
for that particular subject. The most recent articles come first. There are seven columns of informa¬ 
tion on each page, the first of which identifies the subject area as denoted by a four-digit number. 
(All of the subjects with their four-digit identifying numbers are listed at the beginning of the book.) 
The second column gives an "Abbreviated Title or Topic Synopsis," which briefly describes the arti¬ 
cle. The third column gives (in coded form) the publication in which the article appeared, and the 
fourth column the year and month of publication. The fifth column gives the page on which the arti¬ 
cle begins and the sixth gives the author's name (except for articles appearing in any of the four 
major ham magazines). The last of the seven coiumns is reserved for miscellaneous information and 
notes that might be useful for purposes of identification. 

All in all, it's an impressive bit of work, one which the author says took him four years and many 
thousands of hours to produce. That's easy to believe, looking at (and hefting) this 620-page mag¬ 
num opus. All the information contained in this book has been stored on floppy diskettes (as an 
alternative to the original IBM punch cards, of which 180 pounds were needed), and the author 
expects to be able to provide updates with each passing year. If ever there were an example of the 
value of computer storage, this must be it. 

From Beverages Thru OSCAR — A Bibliography is currently available from Rich Rosen, K2RR, at 
6043 W. Maplewood Drive, Littleton, Colorado 80123. Rich says that, in addition to the complete vol¬ 
ume, he has also made available individual subject chapters for those who would like the benefits of 
this index but don't need more than a few subject headings. 

In our opinion, this is the sort of reference text that many Amateurs will find useful. Our thanks go 
out to K2RR for having provided the Amateur fraternity with so valuable a tool. 

Martin Hanft, WB1CHQ 
administrative editor 
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comments 


battery charging 

Dear HR: 

I am writing to you regarding the 
letter to the Comments column by 
Robert H. Weibrecht, W6NRM. His 
comments regarding charging batter¬ 
ies at a low rate are only partly cor¬ 
rect. The rest of the story is that the 
nickel-cadmium battery should be 
discharged to 1 volt per cell for exer¬ 
cise. This will help to remove the 
memory induced by continuous 
charging. Gel batteries, on the other 
hand, need continuous charging. 

D.L. Carlson 
Burnside, Minnesota 


ground systems 

Dear HR: 

The article "Ground Systems" in 
your May, 1980, issue was very inter¬ 
esting. It was particularly interesting 
to know that the inductive reactance 
of only 9 feet of wire at 4 MHz can be 
100 ohms or so, and that the rf resis¬ 
tance of a wire is some seventy times 
its dc resistance at 14 MHzl The men¬ 
tion of rf resistance immediately 
brought to mind Litz wire — three or 
more strands of insulated wire braid¬ 
ed together. I immediately replaced 
my 12 feet of ground wire with three 
insulated wires braided together, and 
it certainly decreases BCI interfer¬ 
ence! I wonder if anyone has formu¬ 
las (empirical or otherwise) for the rf 
resistance of ordinary wire and the rf 
resistance of Litz wire? 


Incidentally, another thing to try if 
you have BCI problems is to put Ami- 
don FB-801 ferrite beads on the ac or 
dc power leads just outside or just in¬ 
side the case of your transceiver. A 
bead on the "live" side of the mike 
lead (again, close to where it enters 
your transceiver or speech processor) 
may also do some good. Don't put 
beads on any ground leadsl 
Keith Wilkinson. ZL2BJR/JG1YCI 
Tokyo,Japan 

selfish attitudes 

Dear HR: 

The Observations and Comments 
column in the August, 1980, issue of 
ham radio asks, "What can be done 
about the selfish attitudes of those 
who interrupt contest operation?" 

If this were a perfect world with a 
perfect society, this condition would 
not take place. However, on the 
other side of the subject, why should 
a contest operator come on a fre¬ 
quency in use by others and call "CQ 
TEST" until he either gets control of 
the frequency or drives the others 
off? 

It is my firm opinion neither group 
is completely free of guilt. Don't you 
think some better planning of world¬ 
wide contests should take place? Al¬ 
most each weekend there is a con¬ 
test, sometimes on both CW and SSB 
at the same time. Would limiting the 
contest to a band of frequencies be 
the answer? Why should the opera¬ 
tors who like to rag chew or keep 
skeds each weekend be punished? 
Should we stand in the way of the 
contest operator? There is no easy 
solution to the problem and until each 
side sees the other side of the coin 
nothing will change. 

On "What about slow-scan TV and 
interference by SSB operation?" I 


would say this is a very difficult ques¬ 
tion to answer at the present time. 
Until the FCC decides to allow Gener¬ 
al class operators to use SSTV it is not 
a good idea what a good approach 
would be. As 20 meters was the band 
mentioned in the editorial, I have a 
suggestion. My thoughts at this time 
would be to ask the SSTV operators 
to consider moving from 14.230 MHz 
to ± 14.270 MHz as a calling frequen¬ 
cy. This would put then near the Gen¬ 
eral class end, but not too close to 
give or take QRM from each other. 

Paul T. Atkins, K20Z 
Park Ridge, New Jersey 


Q system 

Dear HR: 

I think the "Q system" is a good 
idea but should be in reverse order; 
that is Q1 would be full copy (first 
class). 

Arthur Masthay, W1IUZ 
Avon, Connecticut 


satisfied reader 

Dear HR: 

Over the years, ham radio has had 
an evolution toward more technical 
dissertations. Although the math was 
minimized, I couldn't help feeling that 
things were too heavy to be enjoy¬ 
able. On the other hand, I had a fear 
that I was growing old for the tech¬ 
nology at 47. 

The August, 1980, ham radio 
seems to return to more readable arti¬ 
cles and a few reasonable construc¬ 
tion articles. I hope this is a trend and 
not a maverick edition. For the first 
time in several years, I read all the ar¬ 
ticles. 

Don Nelson, WB2EGZ 
Vorhees, New Jersey 
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FCC'S CW EXAMS WERE CHANGED from the multiple-choice format to "fill in the blank" 
effective September 25 ~. At the same time the passing grade on the new 10-question exam 
has been reduced from 80% to 70%. Basis for the change was a detailed study of Amateur 
exam takers made earlier this year, which indicated applicants who were competent at the 
required code speed would pass the new exam with ease, while those who weren't could 
rarely guess their way to a passing grade. 

Recent Pass Rate Figures for Amateur exams from two FCC Field Offices, though a limit¬ 
ed sample, are quite interesting. While over two-thirds taking the combined Elements 2 
and 3 exam—Technician/General without previous Novice—passed; only 43% of those who 
^already had a Novice license did so. Less than 25% of the Advanced Class applicants made 
the grade, but a third of those going for Extra in Chicago passed—while a whopping 73% 
(eight out of 11) Denver Extra Class applicants made it. 

Part Of These Unusual Results may be due to the introduction of new exams this spring. 
It's also a common practice to take an exam for "practice," before being fully prepared 
for it. 

COMPUTER DEALERS ACROSS THE COUNTRY WERE HIT recently by a con man operating from 
suburban Chicago locations. As reported in the September issue of Wayne Green's Micro ¬ 
computing Industry , a "Thomas Janson" of "CMI, Inc." placed telephone orders with a num¬ 
ber of computer supply houses for peripherals and supplies to be shipped C.O.D. Upon 
delivery the driver was paid by check which eventually bounced, but by the time the sell¬ 
ers had heard the bad news, "Thomas Janson" and "CMI, Ine." were long gone. 

" CMI, Inc " First Operated from Riverside and then later Morton Grove, Illinois, and 
police in either Chicago suburb would be very pleased to hear from anyone with informa¬ 
tion on it. 

10.1 MHZ OPERATION BY TWO CANADIAN Amateurs has been approved by the Department of 
Communications and should be authorized very soon. In response to a proposal by VE3QB, 
the DoC has agreed to issue him and VE3DPB VE9 licenses in the experimental services 
and permit them to operate using very narrow band, low bit rate digital communications 
anywhere in the 10.1-10.15 MHz future Amateur band. They'll be experimenting with digi¬ 
tal data transmission in the presence of QRM, and are prepared to set up for possible 
24-hour-a-day communications using computer-controlled stations. 

Operation On Any Frequency within the 50-kHz-wide band will be permitted the two 
experimenters, as the 5-watt limit on output power is unlikely to cause other band occu¬ 
pants problems. As both stations are in the Ottawa area, propagation between them should 
not be a factor, but the effects of propagation on other interfering signals should pro¬ 
vide useful information on problems of digital data communications on the HF bands.. 

Their VE9 Experimental licenses, which will be valid for a year, were to be issued 
around the end of September. Regular Amateur use of 30 meters is not scheduled to begin 
until January 1, 1982. v 

NATIONAL AMATEUR RADIO ALLIANCE HAS DISBANDED its membership campaign effective August 
30, and is beginning to refund the §10 membership fees collected. A memo accompanying 
refund money orders explains that while NARA is abandoning all attempts to build a "strong 
and viable membership," the NARA board wishes to "pursue matters of vital interest to the 
Amateur fraternity through active lobbying and campaigning," and will remain together. 

Questions Ab o ut Refunds or NARA in general should be sent to Directors Office, NARA, 
Charlottesville, Virginia 22940. The Connecticut phone number for NARA has been discon¬ 
nected, with no forwarding number. 

A "SOLAR MAX" HO T LINE , providing ionospheric and solar condition reports via the tele- 
phone, has been started as a joint service of NASA and the National Oceanic and Atmospheric 
Administration. The 24-hour hotline provides information on sunspots, solar flares, geo¬ 
magnetic storms, and the impact of the sun's behavior on radio transmissions. The record¬ 
ing can be reached by dialing (301) 344-8129. , 

A FORMER CONDITIONAL'S FIGHT for "grandfathering" into General was again rejected by 
the FCC. WB4AZT had lost his General Class privileges in June, 1972, after his Conditional 
license was cancelled when he refused to take a 13 WPM code test from an FCC examiner. 

When the FCC decided to grandfather the remaining Conditionals into Generals in July, 1976, 
however, he began a four-year battle to upgrade his Technician to General. 

The Commissioners Refused his request on the grounds that he no longer had a Conditional 
to upgrade, since it has been cancelled four years previously. He's now exhausted all ad¬ 
ministrative avenues, and will have to go to court to continue the fight. 

ANASTAS10 SOMOZA, FORMER NICARAGUAN leader who was assassinated in Paraguay September 17, 
had been active on the Amateur bands as YN4AS before he was forced into exile last July. 
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H super quad for 7-28 M Hz 


An ambitious project 
for the fellow 
who likes to “roll his own’’ 

My interests in DX and DX contests goes back 
many years. I often marvel at how the state of the art 
has progressed. Ordinary dipoles, verticals and long 
wires on 7 MHz worked satisfactorily in those days, 
as everybody else was using the same thing. By 1964 
many DXers on 7 MHz had "grown" good beams, 
and it became harder and harder to be a winner in the 
pileups. To stay competitive, I had to think about 
drastic changes in the 7-MHz antenna department. 

early quad experiments 

A quad had always intrigued me, so I started to 
read books and collect information on this antenna. 
My quad project began back in 1965 after I acquired 
two telescoping 50-foot (15.25-meterl TV masts and 
some No. 18 (1-mm) copper-clad wire. These masts 
were extended another 5 feet (1.5 meters) using alu¬ 
minum tubing. They were then erected 19 feet (5.8 
meters) apart in my 100-foot (30.5-meter) wide back 
yard. The antenna pointed directly toward Europe. 



A 2-element 40-meter quad in a diamond shape 
was supported by these masts. The feed point and 
reflector tuning point were only 5 feet (1.5 meters) 
from ground: very convenient for tuning and match¬ 
ing the array. The driven element was fed by a 4:1 
balun and RG-8/U coax. The quad was adjusted for 
minimum backward radiation. 

A whole new world opened up. I began hearing 
European signals that were inaudible on a ground- 
plane antenna. However, I felt frustrated when I 
wanted to work DX in different directions and resort¬ 
ed to the ground plane antenna, which was always a 
good performer for long-haul DX. 

After using the two-element fixed quad for a num¬ 
ber of years and collecting stacks of data, I decided 
to make the antenna rotatable and also higher. 

design criteria 

In 1970 I arrived at the fundamental design con¬ 
cepts: 

1. All elements to be full size. 

2. The longest metallic object in the system to be 13 
feet (4 meters) maximum. 

3. Incorporate concentric quads for 40-20-15-10 
meters. 

4. Boomless or very short boom design. 

5. Separate feed lines for each quad. 

6. Nonmetallic tower (see 2above). 

7. Center of quads to be 44 feet (13.4 meters) above 
ground. 

8. One person can raise and lower the array for tun¬ 
ing or repair. 

9. Cost to be $250 maximum. 

10. Use diamond configuration in the design. 

11. Keep the 19-foot (5.8-meter) spacing from driven 
element to reflector. 

It took a year to complete the design and con¬ 
struction of this project with much redesign along 
the way, and in July 1972 the array design was fixed. 

By Frederick Hauff, W3IMZ, 437 South Lewis 
Road, Royersford, Pennsylvania 19468 


12 SB november 1980 





From necessity many features of the entire system 
(tower, rotator, winch) are merely touched upon in 
this article, major emphasis being on design and con¬ 
struction of the antenna. 

construction 

Fig. 1 shows the construction of the spreader or 
spider arms. A list of tubing is given below. 

Spreaders. To insert the 1-3/8 inch (34.9 mm) tub¬ 
ing into the 1-1/2-inch (37.9-mm) tubing, both parts 
must be straight, round and burr-free. The insert 
must be thoroughly lubricated on the outside; the 
same goes for the inside diameter of the 1-1/2-inch 
(37.9-mm) tube. I was able to insert all eight pieces 
with the help of a rawhide mallet by placing one end 
of the 1-1 /2-inch (37.9 mm) tubing against a tree 
stump. However, it’s advisable to slot the 1-3/8 inch 
(34.9 mm) tubing lengthwise for 30 inches (76 cm) 
with a saber saw, then deburr and insert the slotted 
end first. The 72-inch (183-cm) long tubing was pol¬ 
ished on one end, lubricated, then driven into the 
tubing as shown in fig. 1. Make sure the tubing has 
entered at least 2 inches (5 cm). 


Bushings. The insulating bushings are needed to 
comply with item 2 of the design criteria. The electri¬ 
cal length of the spider arms is 12 feet (3.7 meters) 
maximum. I turned these bushings on a small bench 
lathe. Take care to have good concentricity and 
roundness. For this reason the outside diameter was 
turned last by pushing the finished inside diameter 
onto an arbor made of plastic. I used scrap pieces of 
nylon, Delrin, and PVC. After the bushings were 
completed they were placed on the respective tubing 
sections as shown in fig. 1 and held in place with 
epoxy. 

The spreader arm is now ready to be assembled as 
in fig. 1. Stainless steel hose clamps were used as 
shown. 

List of aluminum tubing. All items listed (Page 14) 
are 12-feet (3.7-meters) long 6061-T6 drawn round 
aluminum tubing. All items must be straight and 
round I No defects accepted. 

The total cost of these items in 1971 was $105.52. 
Three 12-foot lengths of 1-1/8 OD x .058 inch (28.4 x 
1.5 mm) wall tubing should be added for the optional 
reinforcement of parts shown in detail 1, fig. 1. 










quantity 


weight 


8 

3 

4 
4 
3 


1'/4 OD x .058 (38 x 1.5 mm) wall 
1-3/8 OD x .058 (35 x 1.5 mm) wall 
1 'A OD x .065 (32 x 1.7 mm) wall 
1-1 /8 OD x .058 (28.4 x 1.5 mm) wall 
7/8 x.058 (22x1.5 mm) wall 
3/4 OD x .058 (19 x 1.5 mm) wall 


30 lb. (13.6 kg) 
111b. (5 kg) 
131b. (6 kg) 
111b. (5 kg) 
61b. (2.7 kg) 
1.771b. (1.5 mm) 


72.751b. (33 kg) 


Insulators and brackets. A suitable insulator had 
to be designed and made to hold the quad wires to the 
spreader arms. Fig. 2 shows the insulator for the 7- 
MHz quad. The 20-meter quad insulator clamps onto 
the 1-1/4-inch (31.9 mm) tubing; the 15- and IO¬ 
meter insulators clamp to the 1 Vi-inch (37.9 mm) 
tubing. Variation of the insulator size must be made 
accordingly. The first insulators I made were without 
the Teflon part. During the first rain storm, rf voltage 
arced from the brass screw to the tubing and burned 
up the insulators on the high-voltage points of the 
driven element. 

The quads are fed at the lower corner of the driven 
element, so I also made up some supporting brackets 
for the coax cables that run down the lower front 
spreader arm. Fig. 3 shows details for this support. 

These insulators and brackets were made in my 
work shop using a small lathe and drill press. All the 
insulating supports were clamped onto their respec¬ 
tive spreader arms in the precalculated positions. I've 
omitted dimensions for these locations. To calculate 
these points is a good mental exercise, and every 
high-school student should be able to arrive at the 
correct numbers. Final adjustments can be made af¬ 
ter stringing the quad wires. 



Boom and associated hardware. The boom is a 
length of solid PVC measuring 30 x 3 inches (76 x 7.6 
cm). Nylon or Delrin could also be used. Great care 
must be taken when drilling the eight 3/8 inch (9.5 
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mm) through-holes to ensure good angular align¬ 
ment of the spreader arms. Also, the holes for the 
upper and lower boom-to-spreader-arm brackets 
must be about 3/4-inch (19-mm) in front of the hori¬ 
zontal brackets so that the 3/8-inch <9.5 mm) 
through-bolts won't interfere with each other. I 
drilled these holes on a vertical milling machine in a 
friend's machine shop. 

The boom-to-mast plate is 1/4-inch (6.5-mm) thick 
steel plate. Four U bolts must be used to clamp the 
boom to the plate and four U bolts to clamp the plate 
to mast. At the beginning, I used only two U bolts for 
each, but the first heavy wind gave me the needed 
education! 

Spacing between driven element and reflector is 
19 feet (5.8 meters) for the 40-meter quad (0.136X). 
It's not a magic number but it worked well on the fixed 
quad and it also provided clearance between lower 
spreader arms and guy wires for the tower. 

The theoretical angle from vertical for the spreader 
arms to point outward is 17°48'. However, some 
preloading of the tension cords that run from the 
front to the rear spreader arms near the ends is need¬ 
ed. I chose an angle of 20°, which amounts to 12 
inches (30 cm) at the end of each arm. 

Fig. 4 shows the spreader-arm-to-boom bracket. I 
had all parts ready cut, shaped, and drilled. Then, 
with a template to assure the correct 20° angle, they 
were taken to a welder. 

After welding, I gave the brackets a few coats of 
zinc chromate (galvanizing would have been better 
by far). 

These brackets were mounted to the boom with 
stainless-steel threaded rods, cut to size, and stain¬ 
less-steel washers and nuts on each end of the rods. 

To conform with items 2 and 6 of the design crite¬ 
ria, I made the tower of wood. It's a foldover tower. 


When in a vertical position, it has four guy wires 
(broken with insulators). The uprights for the 40-foot 
(12-meter) fold-over section are straight pieces of 2 x 
4 lumber 20 feet (6 meters) long. The tower is 14 
inches (36 cm) square (to the outside of the up¬ 
rights). 

The horizontal braces, which also serve as rungs 
for climbing the tower, are 1 x 3 lumber; the diago¬ 
nals are 1 x 2 lumber. No. 10 wood screws 1.5-inch 
(38 mm) long and waterproof glue were used in the 
construction. The hinge pin is a 1-inch (25.4-mm) 
diameter stainless-steel rod. Hinge members are alu¬ 
minum plates 3/8-inch (9.5-mm) thick, which were 
bolted to the uprights. The tower hinge point is 16 
feet <4.8 meters) from ground. A wopden tower sec¬ 
tion, 16 feet (4.8 meters) high, is permanently bolted 
to 4-inch (10-cm) channels, which are embedded in a 
concrete base. I placed four screw-in anchors equi¬ 
distant from the center of the foldover section on a 
16-foot (4.9-meter) radius. Fig. 5 shows the tower 
and the quad. 

The winch, which is used to raise and lower the 

fig. 5. Photo showing the homebrew wooden tower and 
quad ready for erection. 




tower, is also home built and uses a 50-tooth, 1° 
pitch, single-thread worm gear for safety. A 1/2-inch 
(25.4-mm) diameter reversible 500 rpm electric drill 
chucked to the tower worm shaft is used to raise and 
lower the tower. 

The rotator also uses worm gears. It's mounted 8 
feet {2.4 meters) from ground inside the tower. A 2- 
inch (51-mm) galvanized water pipe is used for the 
mast. A thrust bearing is located 8 feet (2.4 meters) 
from the top. The drive shaft from rotor to mast is 
also 2-inch {51-mm) galvanized pipe. To conform to 
my design criteria, it was broken into three sections, 
which are coupled together with solid PVC couplings 
as insulators. Again, I want to bring to your attention 
thq enormous stresses that are applied to these parts 
during strong winds. 

assembly 

With the tower lowered, resting on a 13-foot (4- 



was used to assemble the elements and feed system. 

meter) high A frame, and guyed to right and left for 
safety, the antenna assembly begins. An extension 
ladder was used (see fig. 6). 

The boom was mounted to the mast, then the four 
driven-element spreader arms were mounted to the 
brackets. Use three stainless-steel hose clamps (or 
more). (To meet item 2 of the design criteria I insulat¬ 
ed the arms from the brackets.) I used strips of vinyl 
between arms and brackets and also under the hose 
clamps. I used 19-foot (5.8-meter) long stress cords 
attached to the upper vertical spreader arm near the 
end and also to both horizontal arms. I used small 
weights on the loose ends. At this time the tower 
was raised to the vertical position. I rotated the an¬ 
tenna 180 degrees, then lowered it. The other four 
spreader arms were then clamped to the brackets, 


and the stress cords were fastened to the reflector 
set of spreader arms. 

At this point we're ready to attach the quad loops 
to the insulators. When I first erected the fixed quad, 
I used the formulas for the loop length from the ARRL 
Antenna Book : 

driven element (ft) = ; 

reflector^ (1) 


I found that these numbers were wrong in 
case. For my rotary quad I used: 


driven element (ft) ■ 


f(MHz) ’ 


reflector (ft) = 


f(MHz) 


my 


( 2 ) 


The constants 302 and 309 may be substituted 
into the numerators of eq. 2 for calculating 
lengths in meters. The lengths, from eq. 2, are 
141.5 feet (43.2 meters) for the driven element 
and 145 feet (44.2 meters) for the reflector. 

The reflector is slightly less than 2.5 per cent 
longer than the driven element, and the adjust¬ 
ment is critical. In any event, the reflector must 
be tuned for minimum backward radiation. (I 
was not concerned with SWR while tuning for 
maximum front-to-back ratio.) All quad loops were 
fastened to the insulators, which were placed in the 
calculated positons on the arms. 

feed system 

The quad is fed by 52-ohm coax and a 75-ohm 
quarter-wave matching transformer. One coax line 
runs to a relay box at the top of the tower where the 
desired quad is selected by one of four relays. (The 
inner conductor of the unused lines is not grounded.) 
The five-wire control line to the relays was decoupled 
13 feet (4 meters) from the relay box by winding 
three turns of this control line through a 2-inch (51- 
mm) diameter toroid. 

tune up 

For tuning the quad I put a sensitive field-strength 
meter with a 20-foot (6-meter) long horizontal pickup 
dipole 6 feet (2 meters) from ground, about 200 feet 
(60 meters) from the quad. I pointed the quad toward 
the field-strength meter and fed a small amount of rf 
at 7050 kHz into the quad to give a full-scale meter 
reading. I then pointed the back of the quad toward 
the meter. The reading should drop to about 1/50th 
of full scale, which is close to zero. At this point I ad¬ 
justed the meter reading to about half scale then 
varied the frequency plus and minus but maintained 
the same output from the transmitter. Wherever the 
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minimum reading on the meter occurred I considered 
to be the maximum performance (maximum front-to- 
back ratio) operating frequency. Record it! 

I used the same procedure for the 14-MHz anten¬ 
na. I cranked the tower down, with the reflector fac¬ 
ing the ground, then made precalculated adjust¬ 
ments to the reflector only. (In my case the desired 
frequencies were 7020 kHz and 14020 kHz). 

The 40-meter elements turned out to be as men¬ 
tioned before. The 20-meter driven element is 71 feet 
(21.7 meters); reflector is 72 feet, 8 inches (22.2 
meters), and the spacing is 12 feet, 8 inches (3.9 
meters). 

standing-wave ratio 

The SWR of the 7020-kHz quad is near 1:1. That of 
the 14020-kHz quad is 1.5:1. The 21-MHz and the 28- 
MHz quads have not been tuned as described. How¬ 
ever, the SWR on 21020 kHz was very high and I sub¬ 
stituted a gamma match, which improved the SWR. I 
think that the gamma match is superior to the match¬ 
ing transformer. 

I think the spacing is too great for the 21- and 28- 
MHz quads. I wasn't able to obtain the excellent re¬ 
sults as with the 7- and 14-MHz quads. (Remember 
the spacing of the higher-frequency quads is not pro¬ 
portional to the 7-MHz quad since the boom is a con¬ 
stant.) But once I had the two lower bands working I 
never took the time to improve the 21- and 28-MHz 
antennas. It's too much fun to sit behind the loud- 
talking 40-meter antennal 

front-to-back 
ratio test 

After the 7-MHz quad was completed and tuned I 
placed the back toward the field strength meter 
again. I shorted the insulated drive-pipe section. 
Nothing happened to the front-to-back ratio. Then I 
short circuited the guy-wire insulators and short cir¬ 
cuited the guy wires to the drive pipe. Nothing hap¬ 
pened to the front-to-back ratio. However, when I 
short-circuited two spreader arms to the mast, a defi¬ 
nite deterioration of front-to-back ratio occurred. 
This test was only made on 7 MHz to satisfy my 
curiosity. 

performance 

Many times I switch from the 40-meter quad to my 
ground-plane antenna and some signals just turn into 
a faint scratching sound, whereas they were RST 559 
on the quad. It's mind boggling when a European 
station receives me RST 599, and after I turn the 
antenna backside toward him, he loses me com¬ 
pletely. 

I also have a tribander TH6DXX at 74 feet (22.6 
meters). I can compare the 14-MHz quad with the 


Yagi at the flip of a switch. [The center of the quad is 
only 44 feet (13 meters) from ground.] On long-haul 
DX the high Yagi always out performs the quad.* 
Signals from Europe and Central America improved 
up to three S units on the quad under wide-open 
conditions. When band conditions are low, the Yagi 
takes over. When the 20-meter band gets wiped out 
by rain static on the Yagi, I switch to the quad. Lo 
and behold I no static, only signals. 

maintenance 

In seven years I replaced the loop wires in the 14- 
and 7-MHz quads twice. During an ice storm the re¬ 
flector wire broke on the 7-MHz loop. The ice loading 
kinked the 1-1/4-inch (31.75-mm) tubing section of 
the upper spreader arm. The ice on the wire meas¬ 
ured 1/2-inch (13 mm) in diameter, and the tubing 
was 1-3/4 inches (44.5 mm) from the ice buildup. It 
required only six hours to put the quad back into op¬ 
eration again, and the nicest part was that I could do 
it all by myself. 

cost-reduction tips 

To keep within the $250 limit, the use of the junk- 
box was mandatory. I also visited a few surplus 
houses where I was able to pick up stainless-steel air¬ 
craft cable for $.05 per foot, 18-inch (45.7-mm) turn- 
buckles for $2.00 each, and worm gears and worms 
for $5.00 per set. I cultivated the friendship of a ma¬ 
chine-shop foreman who saved scrap aluminum 
plates, old steel shafting, and nylon scraps for me. I 
bartered a case of beer for the welding of the boom- 
to-spider brackets. Such is the stuff of which hams 
are made. 

Would I do it over again? The answer is yes! How¬ 
ever, since making the different tests I would be 
brave enough to use a heavy-duty commercial 50- 
foot (15-meter) foldover tower. Who is adventurous 
enough? 

This has been a fun project. The greatest reward 
has been getting into a pileup and having those rare 
ones come back to me. 
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I automatic CQer for RTTY 


An alternative method 
for sending CQ 
on your RTTY station 


If you're an active RTTYer without tape or memory 
bank capabilities, you know that it's a chore typing 
out several lines of CQ, especially if you don't get an 
answer on the first try, Here's a solid-state circuit 
that will do it automatically for you. It's called the NS- 
CQ. The board is 4.5 x 4 inches (11.4 x 10.2 cm) and 
contains only seven ICs. It sends a string of 16 CQs 
without spacing, then DE, your call three times, and 
finally CR LF: CQCQCQCQCQCQCQCQCQCQCQCQCQ- 
CQCQCQ DE W4AYV W4AYV W4AYV CR LF. It will 
continue this until the reset switch is turned to the 
HOLD position. 

how it works 

Fig. 1 shows the schematic. The oscillator, U1, is a 
555 timer 1C set to operate at 45.45 Hz, which is the 
Baud rate for 60 wpm. This frequency is adjusted by 
R1. Oscillator output is fed to U2, which is a dual 4- 
bit binary ripple counter. This means that there are 
two separate sections with separate clock inputs that 
can count up to, or divide by, 16. Thus a total count 
of 256 is provided. The outputs are binary-coded four 
bits, so we can use the various output combinations 
to drive the binary inputs of the other ICs. 

U3 is the CQ 1C. This chip is analogous to a 16-po¬ 
sition rotary single-pole switch. It is advanced one 
step at a time by the binary codes from U2. In other 
words, it selects one input from zero to 15 and sends 
it to the output, just like turning a rotary switch from 


0 to 15. Each of the 16 inputs is wired to either + 5V 
or ground, depending on the Baudot code for C or Q. 

As you know, the Baudot code consists of five bits 
in various combinations to make the machine print a 
letter or figure or perform a function. In addition 
there is one start pulse, which is always low and one 
stop pulse, which is always high. All these pulses are 
22 ms long except the stop pulse, which is 31 ms 
long. To simplify the circuit I've made the stop pulse 
fwo 22-ms pulses. This way, the machine will oper¬ 
ate properly and no discernible difference can be no¬ 
ted. So we now have eight pulses in all: one start' 
pulse, five data pulses, and two stop pulses. With 
these 16 inputs we can hardwire in the letters C and Q 
with necessary start and stop pulses using the Bau¬ 
dot code. 

We want the inputs U3 (CQ) to be scanned 16 
times. This is done by taking off count 256 (16 bits x 
16) from the U2 counter and sending it to U6, which 
is a flip-flop control. This will give 16 CQs without 
spacing. To insert spaces would require more ICs 
and circuitry, because for each space another eight 
bits would be needed. The method used here keeps 
the unit simple. 

When the inputs to U3 (CQ) have been scanned 16 
times U3 is cut off and switched to the PROM (pro¬ 
grammable read-only memory) 1C, U4, which con¬ 
tains DE, call letters three times, then CR LF. These 
data consume almost all of the 32 characters avail¬ 
able; and at the end of the data, the PROM is switched 
off and goes back to CQ. U7 is a multiplexer, which 
decides which of the PROM or CQ information goes 
to the final output. 

U4 is programmed permanently with call letters, 
etc. Since the start and stop pulses are always the 
same, only the five-bit data are programmed. The 
PROM outputs are in parallel form; that is, all the five- 
bit data for the machine appear at the output at the 
same time. These data must be converted back to 
serial form for the machine, and this is done with U5. 


By Nat Stinnette, W4AYV, 890 Virginia 
Avenue, Tavares, Florida 32778 
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This 1C is very similar to the 74150 except that it has 
only eight inputs. 

Since the start and stop pulses are always the 
same, U5 has its first position grounded for the start 
pulse, and the final seven and eight positions are 
wired to + 5 V for the stop pulses. Now all that's 
needed from the PROM are the five-bit data. Note 
there are five 10k resistors from + 5 V to each of the 
five inputs of U5. These are necessary because some 
of the PROMs used have open-collector outputs. 

Because the PROM outputs are in parallel and con¬ 
nected to U5 multiplexer inputs, PROM 1C must run 
eight times slower to give U5 time to scan all eight in¬ 
puts. This is done by taking off the proper count 
from U2. The PROM used here is described as a 32 x 
8, or organized as 32 words of eight bits each. This 
can be thought of as a ladder with 32 rungs or "ad¬ 
dress positions." Each of these address positions has 
a storage capacity of eight bits. The address posi¬ 
tions are advanced one position at a time with the 
proper binary code from counter U2. 

interfacing the CQer 

Output from the NS-CQ is taken from either pin 1 


or pin 2 of U7. Fig. 1 shows output from pin 2. This 
will give approximately 5 V on mark and 0V on space 
with the transmitter in LSB mode. The two outputs 
are opposite. When one is high the other is low. As 
shown, the output on pin 2 is low when reset pins 2 
and 12 of U2 are above ground. This position resets 
the counter to zero, which stays there until again 
grounded. The dpdt switch changes the output of U7 
pin 2 to pin 1, which is high, so the machine will hold 
in a mark condition during standby. If your setup is 
inverted with connection to pin 2, just reverse the 
two leads going to the dpdt switch. 
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fig. 2. Alternative keying ciri 
series with the loop. 
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Most machines have the keyboard in series with 
the loop supply for local copy, and associated circuit¬ 
ry produces a keying voltage for FSK or AFSK. If your 
TU has a loop keying transistor, as shown in fig. 2, 
you can lift the base resistor at the far end and con¬ 
nect the NS-CQ output here. Another method would 
be to insert another keying circuit, as in fig. 2, in ser¬ 
ies with the loop. For AFSK, the NS-CQ output can 
usually replace the normal keying voltage going to 
your AFSK tone generator. For example, the NS-CQ 
will drive the Mainline AK-2 directly. All these 
changes can be made with toggle switches. 

construction 

Construction is straightforward with a PC board.* 
'Use a low heat soldering iron with small solder, not 
more than No. 18 (1 mm) in size. Refer to fig. 3 for 
position of components and jumper wires. 

It is strongly recommended that sockets or Molex 
pins be used for the ICs. This simplifies removal of an 
1C if necessary. If Molex pins are used, first solder the 
pins then remove the top tab by bending it over once 
or twice. CAUTION-. It is imperative that each 1C be 
inserted in its socket in the proper way, otherwise it 
may be destroyed. Each 1C has a notch or deep circu¬ 
lar indentation on one end as viewed from the top. 
This notch should line up with that on the parts 
placement diagram (fig. 3). 

After soldering all components, check for solder 
bridges between pins and between circuit traces that 
are close together. Connect -5 V and ground to 
proper terminals. Fig. 4 shows the foil side of the 
board. 

Set R1 to 45.45 Hz with a frequency counter con¬ 
nected to TP. If no counter is available, you can get 
proper speed by slowly adjusting R1 while observing 
printout on the machine. Set R1 so that machine 
runs and prints smoothly. 

the prom 

Several different types of PROMS are available. 
Some come with all outputs high and some with all 
outputs low. Using a Baudot table, a letter or func¬ 
tion is made by changing one output bit at a time 
from high to low, or from low to high, as required. 
Special equipment is needed to do this; but simply 
stated, it consists of pulsing a certain voltage on an 
output pin for a length of time in the microsecond- 
millisecond range. Consult the data sheet of the 
PROM for proper procedure. I've found the following 
ICs to be the easiest to program: 82S23, 82S123, 
7577, and 7578. 

*A few partial kits consisting of board and programmed PROM, and a few 
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Yagi antenna design: 

stacking 


Data for various 
stacked Yagi configurations 

This article describes the use of multiple Yagi an¬ 
tennas arranged into a coherent antenna system. 
The number of potential arrangements is unlimited, 
but certain basic configurations deserve detailed anal¬ 
ysis because they have attractive properties. To 
start, I shall limit the discussion to systems where the 
individual Yagi antennas are all physically identical 
and aligned for maximum radiation in the same direc¬ 
tion. Moreover, to ensure that each Yagi contributes 
to the overall main radiated wave front in a coherent 
manner, I shall limit the configurations to those in 
which the Yagi positions (say, for example, the re¬ 
flector end of the boom) lie in a plane perpendicular 
to boom direction. Usually all of the Yagis are coher¬ 
ently excited by the same driver current (magnitude 
and phase). Using identical Yagis positioned in such 
a plane helps maintain a uniform radiated pattern 
over a desired frequency band. The overall system 
beam pattern can be pointed in azimuth only by me¬ 
chanically rotating the entire system.* 



The overall system array can be viewed as a large- 
area aperture illuminated in a quasi-uniform way by 
the individual Yagi antennas. So long as the indivi¬ 
dual Yagi antennas are not too far apart (so that illu¬ 
mination is relatively uniform), the system gain 
should be proportional to the total effective aperture 
area. The system beam pattern should also show an 
angular width inversely proportional to the aperture 
dimension. Thus, in concept, a horizontal array of 
Yagi antennas (horizontally polarized) should pro¬ 
duce a narrow horizontal system beam pattern; simi¬ 
larly, a vertical array of Yagi antennas (horizontally 
polarized) should produce a narrow vertical system 
beam pattern. 

We must consider the system array over earth or 
ground; in this case all of the effects mentioned pre¬ 
viously 1 will occur. Recall that ionospheric paths over 
earth primarily favor low radiation angles (up to say, 
20 degrees); moreover, this whole range of antenna 
radiation angles should be covered to accommodate 
a continuous earth range as well as different multi- 
mode ionospheric paths. We shall see that, by verti¬ 
cally stacking two or more horizontally polarized 
Yagis over ground, it is possible to improve signifi¬ 
cantly low-angle performance (over that of a single 
Yagi antenna over ground) without reducing the azi¬ 
muthal coverage. This improved result comes about 
through a suppression of otherwise useless radiation 
at the higher angles. 


By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 
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stacked Yagi antennas 

For Amateur Radio communications relatively 
wide horizontal or azimuthal coverage is generally 
desirable, not only to make a given contact less sen¬ 
sitive to critical beam heading but to accommodate 
the many occasions in which the communication 
path is somewhat skewed due to ionospheric condi¬ 
tions. Wide azimuthal coverage is especially desir¬ 
able under contest conditions, where it is advan¬ 
tageous to have the beam simultaneously illuminate 
the largest desired Amateur population. So a hori¬ 
zontal array of Yagi antennas doesn't appear as 
desirable as a vertical stack;* therefore I shall not at¬ 
tempt analyses of such horizontal arrays. 

Vertically stacked Yagi arrays are now in reason¬ 
ably wide use. It is interesting to study the theoretical 
performance of such systems. Before attempting a 
formal analysis, I will make two obsevations. First, 
vertical stacking requires a supporting mast. If the 
stacking separation is large (which we shall find de¬ 
sirable), the large mast must be entirely rotatable 
and, of course, very rugged mechanically. Such a 
mast, including its foundation, is a major under¬ 
taking. 

Two interesting variations of this system are not as 
formidable. The first variation is a stacked Yagi an¬ 
tenna array offset from a fixed, or guyed, tower. The 
offset allows simultaneous rotation of the Yagi an¬ 
tennas over a range in azimuth of about 300 degrees; 
at either end of this range, the antennas are designed 
to nest around the mast. I use this construction for a 
stacked 28-MHz, 6-element Yagi antenna system on 
a Rohn 45 guyed mast. It works very well and is cost 
effective. 

The second variation is to use a fixed, or guyed, 
mast with the top Yagi antenna fully rotatable and a 
second, lower, Yagi antenna fixed in a preferred di¬ 
rection. This is a particularly interesting variation for 
contest operation, especially on the lower frequen¬ 
cies where the mast must be very high. 

My 7-MHz system is a good example. A full-sized, 
three-element beam is fully rotatable on top of a 180- 
foot (55-meter) Rohn 45 guyed mast. A second full- 
sized, three-element beam is fixed at 90 feet (27 
meters), which is aimed at Europe. Thus, in the Euro¬ 
pean direction, full stacking is available; in all other 
directions the top beam can be used alone. More¬ 
over, it is easy to excite both beams and activate two 
azimuthal directions simultaneously, or it is also pos¬ 
sible to switch instantly from one direction to another 
without losing the normal time to turn the large Yagi 
antenna. 


•For certain point-to-point communications, where the path conditions are 
marginal, the increased gain from lateral stacking could outweigh the nui¬ 
sance of the narrower azimuthal angle. 


I have found the flexibility of this system to be very 
helpful in many situations. 

antenna excitation 

My second observation is that, for all types of 
stacked arrays, I have found it useful to provide a 
switching system that allows operation of each Yagi 
independently or both together. When only high-an¬ 
gle radiation is desired, the lower antenna is usually 
best. For lower angles of radiation, the combined 
stack is better. It is easy to arrange such a switch 
using conventional relays and quarter-wave coaxial 
transformers; a practical system is shown in fig. 1 for 
two stacked Yagi antennas. 



The relays may have to be compensated by small 
shunt capacitors if their series inductance is too 
large. The relay box should be mounted on the mast 
about half way between the Yagi antennas. Exten¬ 
sion to more than two stacked Yagi antennas is 
equivalently easy. However, the particular scheme 
will depend on the way in which power is to be split 
between all Yagi antennas. 

Because of these various excitation techniques, it 
is desirable to compute not only the properties of a 
vertically stacked Yagi system, but the properties of 
the individually excited Yagi antennas. 

Two complicating problems arise. First, not only is 
a single Yagi antenna over ideal ground not the same 
antenna as in free space, 1 but it is further changed by 
all other Yagi antennas as well as their ground im¬ 
ages. This is true even if all other Yagi antennas are 
not driven. To some extent their elements will be par- 
asitically excited by the single driven Yagi antenna. 

This means that the computation for a single Yagi 
must be carefully made to account fully for all the 
parasites and images in its local field. Second, if only 
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table 1. Representative good Yagi beams. All elements are 
cylindrical with radius p = 0.000}260(K). 



3-elements 

0.25 IXI boom length 

6-elements 

0.75 (X) boom length 

element 

length 

IX) 

boom 

position 

IXI 

length 

(X) 

position 

IX) 

reflector 

driven 

D1 

02 

D3 

D4 

0.49801 

0.48963 

0.46900 

0.000 

0.150 

0.300 

0.49528 

0.48028 

0.44811 

0.44811 

0.44817 

0 44811 

0.000 

0.150 

0.300 

0.450 

0.600 

0.750 


the top Yagi is rotatable, the performance of the sin¬ 
gle lower antenna alone will depend on the relative 
azimuthal orientation of the two antennas. In this 
case it is instructive to compute three cases: parallel, 
orthogonal, and antiparallel orientations. 

stacking arrangements 

Let us now choose some representative horizontal¬ 
ly polarized stacking arrangements over flat, ideal, 
ground and compute their theoretical performance. I 
shall present computed H-plane patterns over the 
range of elevation angles of interest. 

The E-plane pattern over ideal ground is, of 
course, zero everywhere. System forward gain at 
central design frequency is shown (from zero to 20 
dBi) as a function of elevation angle (from zero to 60 
degrees). The plots show not only how well the over¬ 
all system performs at the important low angles, but 
also what may be sacrificed at the higher angles, 
which are occasionally useful. 

Two basic Yagi designs are used. They are the 
same three-element beam (boom = 0.25 X) and the 
same six-element beam (boom = 0.75 X) shown in 
table 1 of the previous article. 1 They are reproduced 


for convenience in table 1. 

I shall start with two stacked, identical beams over 
ground. In practice, the height of the upper beam will 
be fixed at the overall mast height. The placement of 
the lower antenna will be made at some lower posi¬ 
tion. It is interesting to understand the tradeoffs in¬ 
volved in the height of the lower antenna. 

antenna patterns 

I shall choose, for illustrative purposes, four differ¬ 
ent heights, HU, for the upper beam (assumed to be 
the supporting mast height). For each of these cases, 
three different heights, HL, for the lower beam are 
chosen. All heights are expressed in wavelengths (X) 
at the central design frequency. 

Tables 2 and 3 show computed results for all these 
cases. These tables also refer to figs. 2 and 3, which 
display detailed H-plane patterns for all cases. 

Note that each figure has several graphs: one for 
the combined stacked performance (labeled i); one 
for the lower antenna alone (labeled 2); one for the 
upper antenna alone (labeled 3); and, where applica¬ 
ble, what the lower antenna only would show if no 
upper antenna were physically present (labeled 4). 

In cases2and3, both antennas are physically pres¬ 
ent, but only one is driven (all nondriven elements act 
as parasites). I have assumed, in these calculations, 
that the unused driven elements are sufficiently de¬ 
tuned so that they play no part in overall perform¬ 
ance. 

An examination of tables 2 and 3, and especially 
the H-plane patterns of figs. 2 and 3, reveals a num¬ 
ber of interesting and important characteristics of 
these simple, vertically stacked systems. Table 2 
shows the maximum gain and corresponding eleva¬ 
tion angle for each case of a stacked pair of 3-ele¬ 
ment beams. Also shown is the F/B ratio, which we 
now know varies with the exact element complex 
current(s), which in turn are influenced by the mutual 


table 2. Gain in dBi of a 3-element atack. upper height HU/tyand lower height LU(KJ. 






both 



lower 



upper 


lower only 

f<9 

HL 

HU 

max. angle F/B 
gain (degrees) IdB) 

max. angle F/B 
gain (degrees) IdB) 

max. angle F/B 
gain (degrees) (dB) 

max. angle F/B 
gain (degrees) (dB) 

2A 

0.30 

0.75 

14.42 

21 

24.34 

11.48 

33 

19.72 

13.96 

19 

21.83 

11.74 

36 


2B 

0.375 

0.75 

14.50 

21 

23.84 

11.78 

33 

21.70 

13.59 

18 

23.25 

12.38 

32 


2C 

0.45 

0.75 

14.55 

21 

21.81 

11.83 

34 

25.81 

12.90 

18 

26.23 

12.96 

29 


20 

0.60 

1.50 

15.82 

11 

32.28 

13.69 

20 

30.21 

14.77 

10 

27.92 

13.87 

23 


2E 

0.75 

1.50 

16.56 

11 

21.14 

14.51 

16 

23.97 

15.19 

10 

22.28 

14.07 

18 

m ;-]RI 

2F 

0.90 

1.50 

16.71 

11 

21.84 

14.53 

15 

20.84 

14.89 

10 

20.91 

14.14 

16 


2G 

0.90 

2.25 

15.61 

8 

17.78 

14.32 

16 

20.00 

14.30 

6 

20.21 

14.14 

16 

BEiggj 

2H 

1.125 

2.25 

16.33 

8 

19.08 

14.32 

13 

23.06 

14.36 

6 

18.65 

14.32 

13 


21 

1.35 

2.25 

16.99 

7 

17.19 

14.62 

10 

17.49 

14.77 

6 

18.23 

14.35 

11 

19.48 

2J 

1.00 

3.00 

15.19 

6 

20.24 

14.19 

14 

19.28 

14.50 

5 

20.24 

14.24 

14 

20.07 

2K 

1.50 

3.00 

16.32 

6 

18.80 

14.38 

10 

19.84 

14.41 

5 

19.28 

14.38 

9 

19.78 

2L 

2.00 

3.00 

17.11 

5 

18.79 

14.56 

7 

19.04 

14.60 

5 

18.93 

14.46 

7 

19.86 
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table 3. Gain in dBi of a 6-element stack, upper height HU(k) and lower height LU(\). 






both 



lowar 



upper 


lowar only 

«g. 

HL 

HU 

max. angla F/B 
gain (degrees) (dB) 

max. angla F/B 
gain (dagraas) (dB) 

max. angla F/B 
gain (dagraas) (dB) 

max. angla F/B 
gain (dagraas) (dB) 

3A 

0.30 

0.75 

15.22 

20 

24.23 

13.46 

44 

9.57 

15.08 

17 

23.13 

13.40 

30 

17.14 

3B 

0.375 

0.75 

15.61 

20 

21.00 

13.70 

43 

9.75 

14.47 

16 

19.21 

13.97 

27 

23.57 

3C 

0.45 

0.75 

15.63 

19 

18.85 

13.51 

43 

8.87 

13.45 

16 

14.10 

14.52 

25 

29,80 

3D 

0.60 

1.50 

17.47 

11 

22.71 

15.09 

21 

21.88 

16.43 

9 

30.72 

15.18 

21 

24.19 

3E 

0.75 

1.50 

17.28 

11 

14.07 

15.16 

20 

18.50 

15.74 

9 

18.11 

15.59 

18 

21.52 

3F 

0.90 

1.50 

18.09 

11 

23.48 

1574 

16 

36.08 

16.06 

9 

24.17 

16.16 

15 

28.57 

3G 

0.90 

2.25 

18.00 

8 

30.06 

15.94 

14 

26,76 

16.73 

6 

44.62 

16.16 

15 

28.57 

3H 

1.125 

2.25 

18.41 

8 

28.56 

16.39 

12 

48 07 

16.56 

6 

30.48 

16.31 

12 

34.93 

31 

1.35 

2.25 

18.60 

7 

19.87 

16.26 

11 

22.61 

16.36 

6 

21.58 

16.38 

10 

31.95 

3J 

1.00 

3.00 

17.33 

6 

38.94 

16.49 

14 

33.55 

16.62 

5 

40.44 

16.36 

14 

35.77 

3K 

1.50 

3.00 

18.70 

6 

32.04 

16.61 

9 

36 88 

16.80 

5 

35.32 

16.58 

9 

38.61 

3L 

2.00 

3.00 

19.23 

5 

25.19 

16.79 

7 

26.65 

16.82 

5 

25.86 

16.67 

7 

40.94 


impedances to all other elements. Table 3 shows the 
equivalent quantities for the stacked pair of 6-ele¬ 
ment beams. 

Note from these tables that the smaller values of 
overall antenna mast height, HU, do not give as 
much overall maximum gain as the higher antennas; 
this gain deficit is more severe for the 6-element 
beams than for the 3-element beams. This is the 
same general result previously obtained for single an¬ 
tennas over ground; 1 it results from the same phe¬ 
nomenon; that is, the natural increased free space 
directivity of the larger Yagi antennas reduces the 
gain potential at the higher elevation angles required 
for the lower antennas. 

Note also from these tables that the exact place¬ 
ment of the lower Yagi antenna does not markedly 
influence the stacked maximum gain of the system 
but usually does significantly affect the angle of the 
lower antenna radiation. Note also that the excellent 
free space F/B ratio can be significantly affected by 
stacking; it is most strongly affected when the stack 
spacing is small and where the number of (adjacent) 
parasites is large, for example, especially the first 
three cases in table 3. 

To properly assess all of these stacked Yagi anten¬ 
na systems, it is necesary to look at the H-plane (ele¬ 
vation angle) patterns shown in figs. 2 and 3. It is in¬ 
stantly clear that excellent stacked coverage (curve 
1) of the crucially important 0-20 degree elevation an¬ 
gles requires a reasonably high system ( HU = 1.0\) 
but not too high (HU = 2.5\). Above the first main 
lobe of radiation the patterns are quite varied; it is 
helpful to understand the basic reasons for these var¬ 
iations. Fig. 4 shows a simplified sketch of the two 
Yagi antennas above ground, each one represented 
on this diagram by a point. The lower antenna is at a 
height HL (in X) and the upper one is at a height HU 
(in X); also shown are the image antennas below 
ground at heights of -HU and —HL, respectively. 


Note that at an elevation angle, 8, the radiation from 
the lower antenna lags that from the upper antenna 
by a distance (HU— HL)»stn8 (also in X). This phase 
lag causes the pair of antennas to interfere both con¬ 
structively and destructively. At certain values of 8, 
which I shall designate 8p, destructive interference 
will be complete and produce a radiation pattern null. 
Since the phase lag between the two antennas above 
ground is identical to that between the two images 
below ground, the overall radiation will also show 
these nulls where 

dp = sin-i l(N + l/2)/(HU-HL)] (1) 

where N can take on integer values starting 
with zero (0, 1,2, .. .). 

Now, from fig. 4, note that the radiation from the 
image pair (which is excited out of phase with the 
real antenna pair) further lags by a distance (HU + 
HL) • sin 6. Thus nulls will also occur in the overall 
pattern due to ground reflections at values of 8 which 
I shall designate as 6 G where: 

8 g = sin-1 [M/(HU + HL)] (2) 

where M can assume integral values 

( 0 , 1 , 2 ,...). 

As an example, consider fig. 3L where HU = 3.00 X 
and HL = 2.00 X. Eqs. 1 and 2 predict that nulls 
should occur (in the range 0 to 60 degrees shown) as 
follows: 

8p = 30 degrees 

8q = 11.3 degrees, 23.6 degrees, 

36.9 degrees, 53.1 degrees 

While fig. 3L, which shows gain only above 0 dBi, 
only suggests these minima, the full calculations 
show them all quite clearly. Moreover, note from fig. 
3L that the upper envelope of gain falls off substan¬ 
tially with azimuthal angle; this general result is caused 
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fig. 2A. Gain of a 3-element stack. Curve 1 — both, 2 
— lower. 3 — upper, 4 — lower only (upper physically 
absent). 
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fig. 2B. Gain of a 3-element stack. Curve 1 — both, 2 
— lower, 3 — upper, 4 — lower only (upper physcially 
absent). 



fig. 2C. Gain of a 3-element stack. Curve 1 — both, 2 
— lower, 3 — upper, 4 — lower only (upper physically 
absent). 
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fig. 20. Gain of a 3-element stack, Curve 1 — both, 2 
— lower, 3 — upper, 4 — lower only (upper physically 
absent). 



fig. 2E. Gain of a 3-element stack. Curve 1 — both, 2 
— lower, 3 — upper, 4 — lower only (upper physically 
absent). 



fig. 2F. Gain of a 3-element stack. Curve 1 — both, 2 — 
lower, 3 — upper, 4 — lower only (upper physically 
absent). 





fig. 2G. Gain of a 3-element stack. Curve 1 — both, 2 fig. 2J. Gain of a 3-element stack. Curve 1 — both, 2 

— lower, 3 — upper. — lower, 3 — upper. 



fig. 2H. Gain of a 3-element stack. Curve 1 — both, 2 fig. 2K. Gain of a 3-element stack. Curve 1 — both, 2 

— lower, 3 — upper, 4 — lower only (upper physically — lower. 3 — upper, 4 — lower only lumper physically 

absent). absent). 



fig. 21. Gain of a 3-element stack. Cun/e 1 - both, 2 - fig. 2L. Gain of a 3-element stack. Curve 1 - both, 2 — 

lower, 3 — upper, 4 — lower only (upper physically lower, 3 — upper, 4 — upper only (upper physically 

absent). absent). 
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by the natural free space directivity of the individual 
Yagi antennas. Note that this effect is much more 
pronounced for the larger 6-element Yagi antennas 
(fig. 3L) than for the smaller 3-element equivalent 
stack (fig. 2L). 

Thus, the overall H-plane pattern is the result of 
three effects: first, the natural free-space directivity 
of the individual Yagi antennas; second, the interfer¬ 
ence effect of the two real antennas; and third, the 
interference effect of the above ground system with 
its image counterpart. All three effects have different 
angular dependences; it is therefore not surprising 
that the overall resultant can be quite varied and 
complex. 

For those readers interested in constructing a verti¬ 
cally stacked Yagi antenna array, a careful scrutiny of 
tables 2 and 3 and especially all of the relevant fig¬ 
ures is quite enlightening. It is apparent that there is 
no single ideal design; nevertheless, there are a num¬ 
ber of salient points that are worth noting. 

1. A mast height (upper antenna height) of 0.75 X is 
really not high enough to get very much additional 
gain from stacking, especially with large Yagi anten- 

2. The higher systems provide better low-angle per¬ 
formance than the lower systems but sacrifice 
(sometimes needed) high-angle performance. They 
also provide less gain sacrifice due to ground images 
for big antennas and through increased antenna 
spacing provide less spoiling of the inherently good 
individual Yagi free-space characteristics. 

3. The important (lowest) first-lobe gain is only weak¬ 
ly dependent on the placement of the lower antenna. 
The gain alone would favor HL somewhat above 
HU/2 (see for example figs. 3G, 3H, and 31); never¬ 
theless, a lower placement (wider element spacing) 
will result in smaller beam interactions. 

4. Mutual coupling or interaction between Yagi an¬ 
tennas tends to spoil the otherwise excellent proper¬ 
ties of a single Yagi. This spoiling is most pronounced 
for low systems where spacings are small, not only to 
ground but between Yagi antennas (see for example 
figs. 2A, 2B, and 20. This spoiling can be easily 
seen in the altered pattern (s) of the lower beam 
(curve 2) when the upper beam is physically present 
and (curve 4) when the upper beam is absent. You 
can also see the effect that stacking has on the F/B 
ratios (tables 2 and 3) and also (not shown) the ef¬ 
fects on the calculated driving point impedances of 
both upper and lower Yagi antennas. 

5. Interactive effects are also more serious when 
large Yagi antennas are used. This general result is 
anticipated and is due to the larger number of adja¬ 


cent parasites; it is illustrated by comparing curves 2 
and 4 of figs. 2B and 2C with those of figs. 3B and 
3C. 

6. Any good (reasonably high) stacked array will ben¬ 
efit by the Both, Lower, Upper or BLU switch ar¬ 
rangement (see figs. 3G and 1) where at high angles 
a fill in the performance can be made (usually) using 
the lower antenna only. Best higher angle fill occurs 
when the placement of the lower antenna is at or pre¬ 
ferably below HU/2. A good practical height is HU/3 
> HL > HU/2. Note that a good fill obtained in this 
way slightly compromises maximum gain; however, 
this compromise is really not very serious. 

7. With the BLU switch available it is interesting to 
compare performances. In all cases, at the very low¬ 
est angles, B and U give essentially identical results, 
that is, the stack is just as good as the upper antenna 
alone. However, the stack always accepts a broader 
range of vertical angles in its first lobe (due to its low¬ 
er average height) and at its peak has more gain than 
either upper or lower alone. This gain advantage is 
one to three dB depending on the particular stack. 
Although this may not seem very impressive, experi¬ 
ence demonstrates that the stack does indeed pro¬ 
vide a commanding performance advantage over a 
single Yagi antenna and, coupled with the broader 
vertical coverage of the first lobe, will be more con¬ 
sistent. 

8. A number of excellent stacked arrays can be cho¬ 
sen from these figures. As a good example note fig. 
3D. I have operated a stack very much like this on 14 
MHz for several years; experience shows this to be a 
superb performer even without a BLU switch ar¬ 
rangement. Figs. 3E and 3F also look very attractive, 
but the closer beam spacing results in increased vari¬ 
ations in F/B properties and probably would require a 
BLU switch for best high-angle fill. For a higher stack 
note the excellent gain performances of figs. 3G 
through 31. However, for any of these cases, a fill 
seems desirable by the use of a BLU switch; note that 
for best fill at some higher angles the upper antenna 
should be used. For a very high stack fig. 3J pro¬ 
vides exceptional stacked gain, and by the additional 
use of the lower antenna (for fill), it accommodates 
radiation angles up to nearly 30 degrees. However, at 
the 30 degree angle the system performance is abys¬ 
mal, giving essentially zero response for any setting 
of the BLU switch. 

electrically derived fill 

I shall now turn briefly to an alternative method of 
obtaining higher-angle fill, a method that promises to 
be operationally simple and potentially very effective. 
Up to this point, I have used identical driver currents 
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table 4. Performance of stack shown in fig. 3D vs. relative 
phase angle, <t>, of lower-to-upper drive current. Gain is in 
dBi, elevation angle in degrees, F/B in dB. R and X in ohms, 
and <t> in degrees. 



in both magnitude and phase. Let us now consider 
what effect is made on (stacked) H-plane patterns if 
the phase of the drive current in the lower antenna is 
changed relative to that in the upper antenna. I shall 
use as a test case the stack of 3D and will change the 
relative phase angle, <t>, of the lower antenna drive 
current with respect to that of the upper antenna 
drive current. Computation of system performance 
under these conditions exhibits some remarkable ef¬ 
fects. Table 4 shows performance as a function of <t> 
(in degrees) for several discrete relative phase angles 
from zero to 180 degrees, and fig. 5 shows the H- 
plane patterns corresponding to selected values of <t>. 

The H-plane pattern for any positive value of <t> is 
nearly identical to the pattern for the same negative 
value of <j>; minor differences (which are also evident 



fig. 4. Two stacked Yagi antennas; lower at height HL(X) 
and upper at height HU(\). 


in table 4) are caused by the detailed way in which all 
mutual coupling effects take place. It is easy to see 
from fig. 5 that reversing the phase (0 = 180 
degrees) results in excellent system performance at 
higher angles; basically giving maxima where the 
original H-plane pattern showed minima. At inter¬ 
mediate values of <j> an intermediate result is obtained 
where the resulting H-plane pattern is a combination 
of both the <t> = 0 degrees (original pattern) and the 
<t> = 180 degrees (out-of-phase pattern). Note that 
this higher angle fill effectively uses the extra gain 
potential of both Yagi antennas; it is therefore poten¬ 
tially superior to a single Yagi antenna fill and is also 
quite easy to implement (by switching in to only one 
of the antenas a coaxial line whose electrical length is 
\/ 2 ). 



fig. S. Gain of a 6-element stack, HL = 0.601X1 and 
HU = 1.S0IX). Curve A — phase, tf>, = 0 degrees, B — 
phase. <)>. = 60 degrees, C — phase, <t>, = 120 degrees. D 
- phase. <(>, = 180 degrees. 


One can also see clearly from fig. 5 that if <j> is rela¬ 
tively small little degradation of system performance 
occurs; this fact potentially allows the stacking of 
dissimilar Yagi antennas. Nevertheless the use of dis¬ 
similar antennas raises questions about how to mea¬ 
sure the effective <j> and certainly increases the com¬ 
plications of controlling <j> over a reasonable band¬ 
width of frequencies. 

It is important to note that only two values of <t> are 
desired. The in-phase case (<t> = 0 degrees) is best for 
low-angle performance and the out-of-phase (</> 
= 180 degrees) is best for higher values of elevation 
angle. All other values of <t> give inferior results to 
either one or the other of these cases. 

more than two 
antenna arrays 

Let me now consider the possibility of stacking 
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table 5. Gain of multi 6-element stacks, lowest at height H1(K) and next at H2(KJ, etc. Gain is in dBi. 


fifl- 

no. HI H2 H3 H4 

all 

lowest 

top 

lowest only 

max. angle F/B 
gain (degreesl (dB) 

max. angle F/B 
gain (degrees) (dB) 

max. angle F/B 
gain (degrees) (dB) 

max. angle F/B 
gain (degrees) (dB) 

6 0.751.50 2.25 

7 0.75 1.50 2.25 3.00 

19.14 8 14.81 

20.23 6 15.92 | 

15.22 20 15.58 

15.28 23 16.06 

, 16.31 6 22.51 

1 16.22 5 21.04 

15.59 18 21.52 

15.59 18 21.52 


more than two Yagi antennas. It is obvious that some 
additional performance improvement should be pos¬ 
sible provided the mast height is sufficiently high. As 
examples I show computations for two different 
evenly spaced stacks shown in table 5. The first 
stack shows three of the 6-element Yagis evenly 
spaced with a top height of 2.25 X, and the second 
shows four 6-element Yagis evenly spaced to a top 
height of 3.0 X. Figs. 6 and 7 show the H-plane pat¬ 
terns for these two systems; they should be com¬ 
pared with figs. 3G and 3J, which are basically 
equivalent 2-Yagi stacks of comparable mast height. 
It is at once apparent from fig. 6 that the addition of 
the third Yagi antenna gives a main lobe gain over 
fig. 3G of 1.1 dB; all other characteristics are quite 
comparable. Likewise, fig. 7 shows that the two 
additional Yagi antennas give a main lobe gain in¬ 
crease of 1.9 dB over fig. 3J; again, all other 
characteristics are quite similar. 

These examples of vertically stacked Yagi antenna 
arrays using more than two antennas show that a no¬ 
ticeable gain increase is possible over a 2-antenna 
stack; moreover they open up a wide range of high¬ 
er-angle fill possibilities. As an example, fig. 7 shows 
patterns where all four antennas are excited; for fill at 
higher angles, the lowest antenna (curve 2) and the 
highest antenna (curve 3) are shown. Note, how¬ 
ever, that additional fill situations are possible if two 
or even three of the original four antennas are excited 
coherently. Moreover one can also consider feed line 
phasing(s) for even better fill. Clearly, a host of possi¬ 
bilities exists, but the practical use of all potentially 
desirable combinations not only requires a complex 
switching system but a great deal of trouble in deter¬ 
mining experimentally the right combination for the 
prevailing circuit conditions. Surely the additional 
complexity and expense of these large vertical stacks 
reaches a point of practical diminishing returns. Never¬ 
theless, how fortunate we are to be able to predict 
with reasonable confidence the performance of such 
large systems, without ever having to build one. 

I shall conclude this article on stacking by referring 
again to the basic two-antenna stack shown in fig. 
3D. Note that the F/B performance has deteriorated 
from the excellent free-space performance of the in¬ 
dividual Yagi antennas of 48 dB to 22.7 dB. Analog¬ 
ous to the optimization of a single Yagi antenna over 
ground, 1 it is possible to optimize the basic Yagi de¬ 


tab/a 6. Specifications tor 6-element beams optimized by 
slight shifts in boom positions for D1 and D3. All element 
radii are 0.0005260/k). 



sign for this stacked system. Table 6 shows the opti¬ 
mized parameters of the 6-element Yagi antenna first 
for free space and second for the stack of fig. 3D 
(HL = 0.6k, HU - ;.5X. Tables 7 and 8 show the 
swept-frequency performance of each of these cases 
close to the design frequency. 

The iterative optimization was carried out by ad¬ 
justments of the boom positions of D1 and D3 to ob¬ 
tain high F/B (> 90 dB) and by a slight adjustment of 
driven-element length to minimize reactance at the 
design frequency. Note again that, because of mutu¬ 
al coupling intereactions, the stacked Yagi antenna is 
not the same Yagi antenna as it would be in free 
space, nor is it the same Yagi antenna as it would be 



fig. 6. Gain of 6-element stack of 3 Yagi antennas. HI 
(lowest) = 0.7500, H2 (middle) = 1.50IX), H3 
(highest) = 2.2500. Curve 1 — all, 2 — lowest, 3 — top. 
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table 7. Free-space performance of optimized 6-element 
Yagi (specification in table 6). 



table 8. Performance of (fig. 3D) optimized, stacked 6- 
element Yagi over ground. (Specification in table 6.) 



singly over ground (compare with table 5 of refer¬ 
ence 1). 

orthogonal and antiparallel 
stacked Yagis 

Now that an optimized Yagi design has been 
found, which provides the superlative performance 
shown in table 8 when the two stacked antennas are 
parallel to each other, we can ask about performance 
degradation when the two Yagi antennas are orthog¬ 
onal to each other and also when they are antiparal¬ 
lel. This question is relevant when a stack is used 
where the lower antenna is fixed in some direction 
and the upper antenna is rotatable. Table 9 shows 
the system performance for the case where both 
Yagis are supported at the center of the boom. 

It is clear that, in principle, optimization can be car¬ 
ried out for only one configuration, and performance 
will automatically deteriorate somewhat for other ge¬ 
ometries. The extent of deterioration will be more se¬ 
vere for stacks with small antenna spacings (both 
with respect to ground and to each other); that is, 



with lower overall mast height. For the stack shown 
in table 9, it is gratifying to see that the performance 
for all situations is really quite acceptable. 

summary 

1. Vertical stacking of two Yagi antennas allows both 
substantial improvement in low-angle system per¬ 
formance and improved flexibility. This flexibility can 
be used either to obtain fill at some needed higher 
angles or to illuminate other azimuthal angles (one of 
two Yagi antennas rotatable). 

2. Mast heights of between one and perhaps 2.5 X 
can provide excellent 2-Yagi stacked systems. 

3. Higher masts favor low-angle radiation and also 
give smaller mutual interaction effects. However, 
they also treat the (occasionally useful) higher angles 
unfavorably. 

4. For all vertical stacks, improved performance is 
available if excitation is switchable to both antennas, 
B, the lower antenna, L, or the upper antenna U 
(BLU switch). Switching must be done in a way that 
preserves phase integrity and keeps the total drive 
impedance matched to the supply coaxial line. For 


table 9. Gain in dBi of a parallel-optimized, stacked 6-element Yagi array showing the alternative configurations. 


parallel 
orthogonal 
antiparallel 
angle (deg.) 


17.42 94.69 15.75 0.02 


15.06 30.34 13.66 
15.15 38.09 14.10 
15.03 31.24 13.63 


16.40 25.64 15.59 - 0.51 

16.60 20.86 15.87 - 0.82 

16.43 23.88 15.57 - 0.54 
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Attention owners ol the original MMI432 
to operate OSCAR 8 & PHASE 3 by adding the 434 to 436 MHz range Mod kit 
including full instructions $26.50 plus St .50 shipping, etc. 
ANTENNAS (FOB CONCORD, VIA UPS) 

144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. + 12.3 dBd D8/2M S55.9E 
8 BY 8 VERTICAL POL. D8/2MVERT. S65.6C 



48 EL. GAIN + 15.7dBd 70/MBM48 S6i 

88 EL. GAIN + 18.5dBd 70/MBM88 S9 

UHF LOOP YAGIS 

28 LOOPS GAIN + 20dBi 50-ohm,Type N Conne 

1250-1340 MHz 1296-LY 8 ft. boom S5 


those antenna stacks where the lower and upper 
beams remain aligned (rotate together), S highly use¬ 
ful switch is a phase reverser to only one of the 
beams. 

5. Vertical stacks using 3 or 4 Yagi antennas can dis¬ 
play even greater performance, but the stacks must 
be very high and must use for best results a more 
complex feed-line switching arrangement. 

6. Optimization (very high F/B at one frequency) can 
be obtained for only one physical configuration at a 
time. Nevertheless, there are practical examples 
where an optimized antenna design for a 2-Yagi 
stack will still exhibit excellent properties when only 
the lower antenna or only the upper antenna is excit¬ 
ed; moreover, these excellent properties are retained 
even if the azimuthal directions of the two individual 
Yagi antennas are parallel, orthogonal or even anti¬ 
parallel. 


« r Spectrum 

It International, Inc. 
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crystal use locator 


A computer program 
for matching 
crystal frequencies 
to popular Amateur radios 

If you're like I am, you have a box full of crystals. 
They came from scrapped equipment, 5-for-$1.00 
sales that couldn't be passed up, old fm rigs, and 
abandoned frequencies. I decided that I wanted to 
find out if the crystals were good for anything in the 
radios I own. To save a lot of hand calculations I 
wrote program XLOC. Within XLOC are the crystal 
formulas for all the radios I own and the frequencies 
on which these radios can be used. If I type in a crys¬ 
tal frequency, XLOC prints out all the radios in which 
the crystal is usable and the resulting frequency. 

program description 

Listing 1 is a sample run of XLOC. After entering 
the crystal frequency in MHz, XLOC plugs it into the 
crystal formulas for each radio and checks the result 
to determine if it's in the specified band for that 
radio. If one or more of these calculations generates 
an in-band result, the crystal frequency is printed, 
followed by pairs of radio descriptions and resulting 
operating frequencies. If the crystal doesn't produce 
a valid operating frequency for any of the radios, the 
message "SORRY!" is printed and XLOC prompts for 
the next crystal frequency. Entering a 0 in response 
to the prompt causes XLOC to terminate. 

Internally XLOC is straightforward. It's within 
Technical Systems Consultants’ extended BASIC 
program for the Model 6800 computer.* Looking at 
listing 2, lines 30 through 100 establish the possible 
operating frequency ranges for the radios. 

Example. Line 40 establishes the frequency range 
for band 1 to be 28 MHz to 30 MHz. Seven bands are 
set up in XLOC. To add a new band, just add state¬ 
ments after line 100 to set up new values in the BS 


•Southwest Technical Products. 


and BE arrays. For example, to set up a band from 
220-225 MHz as band 8 you'd add the statement 

110 BS(8) = 220:BE(8) = 225 

Note that BS and BE are dimensioned at 20. If you 
want to handle more than 20 bands total, line 30 
would have to be changed. 

The other information that must be set up is the 
radio descriptions, the bands on which they operate, 
and the crystal formulas. Lines 180 through 520 es¬ 
tablish the first two. Each string in array Nf contains 
a radio description, and the corresponding element in 
array B contains the number of the band on which it 
is designed to operate. More radio description/band 
pairs can be added after line 520. B and Nf are di¬ 
mensioned at 20; therefore, the DIM statement at line 
180 would have to be changed to handle more than 
twenty radios. 

Logic. Line 660 reads the crystal frequency into vari¬ 
able X. Then variable FD is set to zero to indicate that 
no radio requiring this crystal has yet been found. 
Variable C is set to 1 to indicate that we are starting 
with the first radio. This is used as an index for the 
Nf and B arrays. Lines 700 through 1030 consist of 
pairs of statements. The first statement is the crystal 
formula for the radio; the second statement is always 
a GOSUB 1080. 

The subroutine at line 1080 checks to see if the op¬ 
erating frequency (OP) that resulted from the calcu¬ 
lation in the first statement falls within the desired 
band. If it does, the radio name and operating fre¬ 
quency are printed. In any case, C is incremented so 
it points to the information about the next radio. If 
more radios have been added, then the crystal for¬ 
mulas, each followed by a GOSUB 1080, must be 
added following line 1030. Each formula should be 
written using the variable OP as the result and X as 
the crystal frequency. For example, if a transmitter 
operates on 32 times the frequency of its crystal, the 
formula would be written: 

OP = 32*X 

Finally, if no radio is found that could use the crys¬ 
tal (indicated by FD never getting set to 1) the mes¬ 
sage "SORRYI" is printed and control is transferred 
back to the prompt message. 

By Phil Hughes, WA6SWR, Specialized 
Systems Consultants, P. O. Box 2847, Olympia, 
Washington 98507 
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listing 1. Sample run of XLOC program. Enter the crystal 
frequency In MHz. The output shows if the crystal is in 
the specified band for the radio of interest. 


: 7648326-01 RCVR 





i 7669061-G1 XMTR 


listing 2. XLOC program listing. Seven bands are set up. 
To add a new band add statements after line 100 to set up 
new values in the BS and BE arrays. Program will handle 
20 Amateur bands; if more are desired, line 30 must be 
changed. 


N*M) = ‘WILSON 1402—SM XMTR' 



0 OP®(X#48)+39.1 
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transmission-line circuit design 


Using distributed 
resonant circuits 
for VHF/UHF 
transmission lines — 
equations and design 
relationships 

dedication statement 

I would like to dedicate this article to the memory of 
Jim Fisk, W1HR, since it was due to his encourage¬ 
ment that this extensive task was undertaken. 


Resonant transmission-line circuits predominate 
at frequencies above 50 MHz. The reason is that 
finite practical lengths of transmission line can be 
readily used to achieve resonance rather than lumped 
values of capacitance and inductance in the less- 
than-10 pF and low-nH range respectively. This ar¬ 
ticle shows how various transmission-line configura¬ 
tions can be designed into resonant circuits at these 
higher frequencies. 

The spectrum above 50 MHz becomes ever more 
important as advances in technology permit more ex¬ 
tensive exploitation. Low-noise-figure devices, high¬ 
er-power devices, greater efficiency, and low cost 
have yielded hardware today that ten years ago was 
considered impossible. 

Technology advances haven't been limited to de¬ 
vices only. The complex calculations required for rf 
and other engineering problems have been simplified 
by programmable scientific calculators such as the 
Hewlett-Packard HP-67/97 and Texas Instruments 


By H. M. Meyer, Jr. W6GGV, 29330 Whitley 
Collins Drive, Rancho Palos Verdes, California 
90274 
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TI-59. These tools permit solution of design problems 
in hours rather than weeks, with a precision previ¬ 
ously considered unrealistic. An interesting by-prod¬ 
uct of the time saved is that a more thorough trade¬ 
off between design parameters can be achieved, 
yielding a more efficient final design. More than 15 
years ago I addressed this same topic (reference 1), 
necessarily more crudely. This article provides a fresh 
approach, using more elegant tools, which results in 
significantly expanded and new data. 

The article is divided into three parts. First I ad¬ 
dress the governing expressions for calculating reso¬ 
nant transmission-line parameters. Included are data 
on design relationships such as efficiency, coupling, 
and resonating capacitance. The second part con¬ 
cerns the geometry of twelve different transmission 
lines in common use and derives the parameters 
for resonant-circuit design. The third part gives 
design examples demonstrating the use of the data 
provided. 

This article is the result of my interest in resonant 
transmission-line phenomena for over 30 years. 
Comments, corrections, new formulations, or addi¬ 
tional data are welcomed. 

calculation of resonant circuits 

A description of methods to calculate parameters 
of resonant transmission-line circuits is provided. Af¬ 
ter deciding on the physical parameters that fit the 
chosen configuration, efficiency and coupling are 
discussed. Graphs and tables are provided. 

HP-67/97 programs are detailed using the HP-97 
printer capability. Therefore, the tables describing 
the programs are displayed in HP-97 format. To con¬ 
vert the programs for HP-67 use, refer to the HP-67 
Owners Handbook, Appendix E, page 324. The pro¬ 
grams contained here are usable on the new HP-41C 
with the same magnetic cards. 

Distributed resonant circuits. Distributed reso¬ 
nant circuits are different from lumped-constant cir¬ 
cuits: fixed elements of inductance and capacitance 
are not required for resonance. Instead, the uniform 
values of distributed inductance and capacitance per 
unit length of transmission line are used together 
with a fixed line length and a capacitance, with the 
physical configuration determining line impedance, 
Z 0 . 

Distributed resonant circuits become practical at 
frequencies of 50 MHz and above because reason¬ 
able values of loaded circuit Q can be achieved with 
realistic geometries. Furthermore, since there are 
many transmission-line configurations to choose 
from, space constraints are readily met. 

Optimum transmission-line configurations are gen¬ 
erally available. Each is chosen to fit within the physi¬ 



cal dimensions, materials, and hardware available. 
To provide maximum flexibility, twelve different con¬ 
figurations are discussed. See fig. 1. 

To determine the parameters of a resonant quar¬ 
ter-wavelength (\/4) segment of transmission line, 
the following expression is used: 


X c = Z 0 tanpi (1) 

where X c = „ 1 T ,„ ; capacitive reactance (2) 
iiir G 

necessary to resonate line section 
F = resonant frequency (hertz) 

C = capacitance at the unterminated end 
of the \/4 line (farads) 


(3 = electrical degrees per unit length at 

the resonant frequency (°/in. or 
°/cm) 

Z<) = transmission-line impedance (ohms) 

& = length of line used (inches or cm) 


A coaxial line cross section is shown in fig. 2A, 
which illustrates the key parameters considered. The 
ratio of D/d determines line impedance Zg. (This 
parameter is discussed in detail in a following sec- 
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table 1. HP-67/97 program for calculating Z 0 , C, Si, or F given any three unknowns. 
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table 2. HP-67/97 program run time for three frequencies. 

F 77.70395 MHz 144.03659 MHz 2952.75 MHz 

J 17 13.14 0.4 

C 35 10 1.2 

7. 0 70 70 70 

runtime 2min. lOsec. 3min.54sec. 5min.45sec. 



tion.) Parameter 0 (eq. 1) is determined from the 
following relationship: 

0 = (3) 

where X = wavelength in the same units as line 
length. 

The basic relationship is 


written to calculate Z 0 , C, i, and F, given any three 
parameters. The program is shown in table 1. Since 
the solution of eq. 2 for F yields a transcendental 
function, an approximation convergence solution is 
used when frequency is requested. The lower limit of 
this program is 48.21 MHz, where X = 240 inches, 
and the program requires a match to 1 per cent to 
achieve a solution. If lower frequency requirements 

table 3. Register contents for HP-67/97 program when cal¬ 
culating Z 0 , C, £,andF. 

ST0 0 f mh, 

ST01 \ nclus 

STO 2 0 Vinch 

STO 3 Z 0 

STO 4 C pF 

STO 5 l lrulu , 

STO 6 X Cokmi 

STO 7 F,, z 

STO 8 C /amds 



are necessary, the values in the program may be 
changed in steps 108, 109, and 110 (table 1). The 
maximum wavelength-to-lowest-frequency ratio is 
999 inches or 11.82 MHz (eq. 5). 

The lower frequency of 48.21 MHz was chosen in 
this program to minimize the solution time. The high¬ 
er the frequency away from the beginning trial fre¬ 
quency of 49 MHz, the longer the computing time — 
minutes are involved. (See table 2.) 

Table 3 identifies the register contents used in the 
HP-67/97 program. Table 4 identifies the formulas 
used for calculation. Table 5 shows how the pro¬ 
gram is controlled for each desired value. Table 6 
shows sample problems entered and the calculated 
results. 


J X 1U° 

- f H2 

(4) 

_ 11,810 (air)* 

(5) 

FmHz 

= 29,999 (air)* 

(6) 

FmHz 


•dielectric constant of air = 1.0006 

Also the general relationship of line impedance ver¬ 
sus electrical degrees for a quarter-wave section, 
shorted at one end, is shown in fig. 2B. Note that 
this line impedance is totally different from the ca¬ 
pacitive load reactance, Xc, in eq. 1, which reso¬ 
nates the line length. 

Computer program. An HP-67/97 program was 
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table 6. Sample problems and results. 



fig. 3. Plot of tangent 0Z (degrees) for cal¬ 
culating X c orZ„. 


Each of four separate calculations is shown with 
the repeatability for the same values indicated. Note 
that when F MHz is requested a small error results of 
about 4 out of 14,440 in frequency (0.03 per cent). 
This small error results from the convergence solu- 



fig. 4. Plot of Xq versus C for the vhf/uhf bands. 


table S. HP-67/97 program control for calculating Z 0 , C, l , 


enter F MHi 
enter Z 0 
enter C pf 
enter £ 

Enter any three of the i 


and press fa 


press A (MHz) 

press B I ohms) 

press C (pF) 

press D (inches or cm) 

above and calculate the fourth by selecting 
l Z 0 




fig. S. Frequency as a function of 0 in 
degrees per inch or degrees per cm. 


tion discussed previously but is well within accep¬ 
table design limits. 

Fig. 3 is a plot of the tangent (3 1 versus degrees 
for calculating X c or Zg manually. Fig. A shows Xc in 
ohms versus C in picofarads for each of the vhf/uhf 
Amateur bands. Fig. 5 shows (3 in degrees per inch 
and degrees per cm versus frequency. 

Considerations and useful relationships. An im¬ 
portant consideration in resonant circuits is efficien¬ 
cy, which is determined from (in 

efficiency per cent - * » 

Thus the highest possible unloaded (£ is desirable to 
achieve the best tank-circuit efficiency. Q is generally 
greater for fully enclosed and shielded transmission¬ 
line configurations. Unshielded lines have a low un¬ 
loaded Q because of radiation losses. Also low val¬ 
ues of Zg cause less radiation, so a low value of Zg 
should be chosen for unshielded lines. For coaxial 
geometries the highest values of unloaded (£are real¬ 
ized with Z 0 between 70-85 ohms. 


42 BB november 






The parameter Q can be estimated by dividing the 
center resonant frequency of the circuit under con¬ 
sideration by its 3-d B bandwidth (single-section fil¬ 
ters or loosely coupled sections). For striplineconf igur- 
ations with dielectric loading, line efficiency is domi¬ 
nated by dielectric constraints (discussed in detail in 
references 2 and 3). 

In most cases it's important to make the transmis¬ 
sion lines electrically as long as possible within the n 
\/4 constraints. This means that the value of capaci¬ 
tance needed to tune the circuit to resonance should 
be as small as practicable. This value must include 
the variability of the active/passive device or devices 
used. If a desired range of frequency is to be tuned, 
calculate the required capacitance at the higher fre¬ 
quency then multiply by the square of the frequency 
ratio; that is: 


r ( (Fh, g h) 2 \_ rnt . 
Fhlgh \(FioJ 2 ) 


This equation yields the required capacitance range 
exclusive of device capacitance. If passive and active 
devices are used, their minimum capacitances should 
be subtracted from the value calculated to cover the 
desired bandwidth with a minimum of capacitance. 
Nominally values of tuning capacitance for input and 
output circuits should be designed for ± 25 per cent 
capacitance tuning range from the center design 
value. For example, if a single 4CX250B coaxial tank 
circuit is to tune between 144 MHz-148 MHz with a 
Z 0 of 77 ohms and a cavity length of 10 inches, what 




is the capacitance tuning range if the minimum tube- 
output capacitance is 4.0 pF? From eq. 1, the capaci¬ 
tance required is 13.9 pF at 148 MHz. The frequency 
ratio is: 


(1™E = 1.06 


(144)2 


When multiplied by the resonating capacitance, 13.9 
pF yields 14.7 pF. Subtracting the minimum tube ca¬ 
pacitance of 4.00 pF yields 10.7 pF as the minimum 
tuning capacitance required for the design conditions 
given. The ±25-per cent rule previously suggested 
provides a more conservative realization (13.5 pF 
± 25 per cent). 


Tuning capacitor. Construction of the tuning ca¬ 
pacitor can be simplified by using parallel plate discs. 


Fig. 6 shows capacitance versus diameter for paral¬ 
lel-plate capacitors with various spacings between 


discs. In some cases a dielectric can be used, so the 


capacitance value is then multiplied by the dielectric 
constant. The basic equation is: 
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where e r = dielectric constant 
N = number of plates 
A - area (square inches) 

T = spacing (inches) 

(For metric dimensions, substitute 0.0885 for 0.225.) 

It's important to note that an appropriate spacing 
between discs must be chosen based on the voltage 
involved. Very close spacings should be avoided, 
even under low-voltage conditions, unless excellent 
parallelism can be achieved. Under high-voltage con¬ 
ditions (greater than 1000 Vdc), no sharp edges are 
permitted. All edges must be rounded and smooth to 
prevent build-up of high electrical fields, which can 
cause flashover. 

Coupling into and out of transmission-line circuits 
can be made using a direct tap, probe coupling, or 
loop coupling. This idea is shown in fig. 7 for a single 
transmission line configuration with the outer con¬ 
ductors not shown. Other techniques are possible 
but are not discussed. 

At resonance 0, the tap point, may be determined 
if the other parameters are known. In fig. 7A, the 
equation is: 

R = 1141 

where R = resistance at resonance at 0 on the line 
(ohms). 

Z g = transmission-line impedance (ohms). 

0 = electrical degrees from ground. 

R l = load resistance (ohms). 

If 0 is desired with the other values known, 



In fig. 7B the equation is: 

R = Zo!*<iiC 2 R L sin 2 0, (16) 

which can be solved for C: 



The loop-coupled case (Fig. 70 is described by: 

R == ^ CO s 2 e (18) 

R-L 

where AT = mutual coupling. 

Parameter R is normally equal to Rl when coup¬ 
ling to external transmission lines. A reasonable 
value for mutual coupling, M, is between 0.5 and 0.8, 
depending on how tightly the loop is coupled to the 
line. For the loop, Xl should be tuned out with a var¬ 
iable capacitor in series with the loop to ground if Xl 
is greater than Rl/100. The amount of capacitance 
required may be calculated from the values of induct¬ 


ance as a function of conductor size given in table 7. 
These values are for straight lengths of conductor 
but are useful in determining design values for loops. 
Note that, for equal lengths of conductor with cur¬ 
rent flowing in opposite directions, the effective in¬ 
ductance is cancelled. 

It's clear from table 7 that the law of diminishing 
returns prevails when larger-diameter conductors are 
substituted for smaller sizes to decrease inductance. 
The inductance is halved from No. 22 to 3/16-inch 
tubing. The only reason for using a larger loop con¬ 
ductor size is for current-handling capability (2 kW 
PEP output at 144 MHz requires 3/16-inch copper 
tubing). 

table 7. Conductor size versus straight pigtail sheet induc- 
inductance 


conductor nH/in. InH/cml 

1/4in. tubing 9.005 (3.55) 

3/16in. tubing 10.446 (4.12) 

1/8in. tubing 12.526 (4.93) 

AWG 8 wire 12.374 (4.87) 

AWG10 wire 13.564 (5.34) 

AWG 12 wire 14.742 (5.70) 

AWG 14 wire 15.92 (6.27) 

AWG 16 wire 16.89 (6.65) 

AWG 18 wire 18.091 (7.12) 

AWG 20 wire 19.23 (7.57) 

AWG 22 wire 20.387 (8.03) 

AWG 24 wire 21.516 (8.471 

AWG 26 wire 22.691 (8.93) 

AWG 28 wire 23.832 (9.38) 


A further use of table 7 is to calculate lumped res¬ 
onant circuits at vhf/uhf from the length of conduc¬ 
tor and a resonating capacitor. It's reasonably accu¬ 
rate and useful if stray capacitances are considered. 
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the weekender 



simple CW memory 


The memory (fig. 1) uses standard TTL ICs and a 
2102 Ik x 1 bit RAM. Information written into the 
memory can be read out at a faster or slower rate by 
merely changing the clock rate. A built-in sidetone 
generator allows monitoring while writing into mem¬ 
ory as well as during readout or when keying the 
transmitter directly. A relay is used to key the trans¬ 
mitter. 

Approximately six seconds of recording time oc¬ 
curs at the fastest clock rate, and about 45 seconds 
occurs at the slowest rate. Some distortion may oc¬ 
cur, however, at the slowest setting. Mid setting 



advisable to use bypass caps across supply lines to each 1C. 


At the risk of overdoing it, I'd like to submit my 
version of the simple CW memory. I can't lay claim to 
the design and admit all I did was combine parts that 
intrigued me the most from several articles.The 
circuit can be used with or without a keyer and can 
be built in a couple of evenings. 


By Ray Megirian, K4DHC, 606 SE 6 
Avenue, Deerfield Beach, Florida 33441 


gives about 30 seconds and should be adequate for 
most CQs or ID signals. 

Oscillator. IC1, an NE-555 timer, is used for the 
clock oscillator and, in turn, drives the three 7493 4- 
bit binary counters. These, in turn, provide the 10-bit 
address codes to the RAM. IC4 is connected to reset 
at the count of 3 since the C and D outputs are not 
needed. 

Input power. Power is applied to the clock oscillator 
only during key-down periods. During this time a 
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charge is accumulated in the 10 jtf capacitor con¬ 
nected to IC1 pin 4. When the key is up, this charge 
keeps the oscillator running long enough to fill in the 
normal keying spaces. If you pause or stop momen¬ 
tarily, however, the oscillator shuts down and RAM 
storage capacity is not wasted. 

RAM output. The output data from the RAM drives 
a transistor that operates the keying relay. The same 
signal also actuates the sidetone oscillator, another 
NE-555 timer. An LED indicator shows when the 
memory is half full. At that point the LED lights and 
stays lit until the count returns to zero. 

Memory. When the unit is first turned on, the mem¬ 
ory will store random data and must be cleared. To 
clear the memory at this time, or when a message is 
to be rewritten, the READ/WRITE switch is set to 
WRITE and the RESET/ERASE switch flipped to 
ERASE. The switch should be held long enough for 
a complete cycle as shown by the LED. The ERASE 
switch turns on the clock oscillator and also shunts 
the normal timing resistor with one of much lower 
value. This action boosts the frequency to a rate that 
cycles the system rapidly, and the RAM can be 
cleared in a couple of seconds, 
recording a message 

Set the CLOCK RATE control for the time need¬ 
ed. Switch the MEMORY/BYPASS switch to 
MEMORY and READ/WRITE switch to WRITE. 
Press the RESET switch momentarily to return the 
system to zero. Key in the message. Switch to 
READ and press RESET. The message should play 
back immediately. Message speed may be adjusted 
by resetting the clock rate. The message will repeat 
until interrupted. If it's desired to key the transmitter 
directly, the memory can be bypassed with the 
MEMORY/BYPASS switch, which won't disturb 
data in storage, 
hardware 

Laying out a PC board for a one-time project such 
as this was not considered worth the effort. The 
parts were assembled and wired on a piece perfo¬ 
rated board. The keying relay I used was a reed type 
with 5-volt coil. Also, the RESET/ERASE functions 
were combined in a spdt momentary toggle switch 
with center OFF. I used a small sloping panel cabinet 
to house the device. Although not shown in fig. 1, 
it's advisable to sprinkle some bypass capacitors 
across supply lines to each 1C. 
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I for digital readout 
and scan option 

Do thumbwheel switches that can't be seen at 
night irritate you? Are you frustrated when you know 
there are more than two repeaters in town and you 
can't find them? If the answer to these questions is 
"yes," then hold onto your armchair — you're about 
to read of a way to upgrade your old HW-2036 to in¬ 
clude some of the features of the new Heathkit 
VF7401 2-meter fm digital scanning transceiver. This 
project takes the average Amateur two evenings to 
install and check out, which includes direct replace¬ 
ment of the Micoder™ board and installation of 
a board to replace the thumbwheel switches. Overall 
cost of the project shouldn't exceed $55.00 (May, 
1980), depending on your junk box. 

circuit description 

All frequency and Touch-Tone* information is en¬ 
tered through the microphone key pad, therefore I'll 
start the description with the 2036-MB micboard 
(fig. 1). Radio Shack National Parts has a 24-conduc- 
tor microphone cable used on their One-Handler™ 
CB radio. This cable works just great for passing the 
required information on to HW-2036 and leaves room 
for expansion for future projects. 

tone generation 

Envision the 2036-MB micboard as two separate 
circuits on one board: one is the tone generator and 
the other is a BCD frequency generator. Touch- 
Tone™ generation occurs by depressing a keypad 
digit through which IC3 produces an audio tone at 
pins 2 and 15. These tones are coupled to the trans¬ 
mitter audio input. Operating voltage ( + 5Vdc) for 
IC3 is available to the chip on transmit only through 
the PTT switch. 

frequency generation 

The BDC frequency information is produced by a 
key depression in receive-mode only, which causes 
IC2 to generate five outputs. These are BDC informa- 

'Touch-Tone is a registered trademark of the Bell System. 



updating the 
Heathkit HW-2036 

tion plus one strobe pulse bit. Binary-coded decimal 
is a means of counting from 0-9, A-F (table 1). Ac¬ 
companying the BCD information to the 2036-DB 
(display board) is a strobe pulse, which indicates to 
the 2036-DB that a key has been depressed on the 
2036-MB keypad. Nestled in this 2036-MB circuit is a 
NE-555, IC1. This chip produces a train of pulses that 
are proportional to the strobe pulse being present so 
many microseconds after key depression. 

display board 

To follow the path of data on the display board 
(fig. 2), imagine three separate areas: storage 
(SN74LS298), display (Fairchild 9368), and BCD-to- 
decimal conversion (IC1,2,3). Keyboard data (BCD 
A,B,C,D, and strobe) connect to the display board at 
IC7. The strobe inverts through IC2 then connects to 
all shift and storage registers (IC4,5,6,7). The storage 
register produces on its output lines whatever is pre¬ 
sented to its input lines at the time of strobe pulse re¬ 
ception. Therefore, by connecting the output of one 
register to the input of an adjacent register and so 
on, a digit can be shifted through the registers one at 
a time with each strobe pulse received. 

Surprisingly, the output of these registers is the in¬ 
put to the synthesizer and display drivers. Frequency 
display is accomplished by feeding the output BCD 
from IC4,5,6,7 to the 9368 decoder-driver chips. 
These chips (fig. 3) were used because of ease of 
adaptation and non-use of dropping resistors on the 
output lines. Connection is directly to the seven-seg¬ 
ment display. 

Creation of the 0/5-kHz signal is as follows. The 
BCD units digit is fed to IC3, which is a BCD-to-deci- 
mal converter. For every BCD digit input, a directly 
proportional decimal digit is output. I chose to use 
the digits from zero to four to indicate 0-kHz shift. A 
logic 1 on any one output of IC3 is inverted through 
IC2 and fed directly to IC1, a 5-input NOR gate. The 
output of NOR gate IC1 is connected to the HW-2036 
synthesizer board at point X, fig. 2. 

Scanning is accomplished by applying a pseudo 


By Tom French, WA4BZP, Rt. 2, Suburban 
Shores, Winter Garden, Florida 32787 
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strobe pulse from IC4 (fig. 4) through the scan-oper- 
ate switch to display-board, IC2 pin 13. ICs 1, 2, and 
3 on the scan board are binary up-down counters and 
are arranged to facilitate counting up from 000-999. 
(Q213, located inside the HW-2036 on the receiver 
board, is tapped for the required signal to stop the 
scan operation.) 

When Q1 (fig. 4) conducts, it forces pins 10 and 7 
on IC1 to zero. This action locks the binary counters 
dead in their tracks. The amount of signal required to 
lock the scanner is varied by the value of R1, a 90k re¬ 
sistor. The higher its value, the more signal is re¬ 
quired to stop the scanner. You might find that, 
when scanning, your HW-2036 stops 5-10 kHz before 
the repeater frequency is reached. This problem can 
be caused by a very strong signal and a low value for 
R1. My suggestion is to increase the value of R1 in 
fig. 4 at Q1 base. To re-enable scanning, simply de¬ 
press the START SCAN button on the microphone. 

Remove all knobs and external coverings. Keep 
the screws in a plastic cup so they won't get lost. 
The synthesizer lock LED is a tricky item. Be careful 
when removing the front panel subplate and bezel. 
Remove and save the thumbwheel switches and 
mounting screws. You'll need a red or any color plas¬ 
tic lens for the hole covering. Cut it to size with a 


hacksaw blade and hold the plastic over the window 
where the display will go. Mark the four new mount¬ 
ing holes and drill them slowly into the plastic. Trim 
the edges as closely as possible and install the lens. 

I used two 7805 voltage regulators to supply all re¬ 
quired power to the display board and microphone 
board. Two holes must be drilled to accommodate 
installation of the 7805s. The first hole is beside the 
speaker just below the synthesizer board and display 
board (fig. 5). 

Now is the tricky part: getting the second hole 
drilled. Pull the amplifier board a few inches away 
from the chassis (fig. 6) and drill slowly into the 
chassis. At this time it's best to install both 7805 volt¬ 
age regulators as shown, remembering to use some 
silicone grease. 

Reinstall the amplifier board then remove the mi¬ 
crophone cable at both ends. It will be replaced by a 
12-to-24-conductor cable. Place some type of insula¬ 
tion over the speaker connections and side magnet, 
preferably PVC electical tape. This process helps 
keep the snug-fitting 2036-DB from short circuits. 
Use 6-32 x 2-1/4 inch (M 3/5 x 57 mm) countersunk 
mounting screw for the front hole, which will also 
hold the scan board, and a 6-32 x 1-1/4 inch (M 3/5 x 
31.7 mm) screw for the 2036-DB rear hole. 



fig. 1. Micboard (2036 MB) schematic. This board replaces the original Heathkit HW-2036 Micoder™ board 
in your microphone. Circuit consists of a tone generator and a BCD frequency generator. 
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fig. 2. Display board (2036-DB). This board is positioned in the transceiver in the space previously occupied by 
the thumbwheel switches. The circuit provides storage, display, and BCD-to-decimal conversion. 


micboard (2036 MB) 


Remove all the parts from your microphone. Leave 
the microphone element and PTT switch within the 
plastic housing. Clean the terminal strip of all solder 
and wire debris. Install the one 2.2k resistor to one 
side of the microphone element (fig. 7) and the other 
end to +5Vdc on TRANSMIT. Remove all the old 
keypad pin sockets from your old micboard and rein¬ 
stall on the 2036-MB. 


Install all chips on the component side of the 
board. Pins 8,8,1 of the MC14410, 14419, and 
NE-555 respectively connect to the ground plane. 
Note that the .01 n F and .047 nF caps are electrolytic; 
observe polarity. 

Parts that go on the underside of the board are the 
1-MHz crystal and a .01 -fiF disc clock capacitor. 

The next step is to cable the microphone, trying to 
follow some kind of plan on signal-to-color coordina¬ 
tion (fig. 8). On the 2036-MB and PTT switch con¬ 
nect a wire to each of the following: +5 Vdc on 
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transmit, +5 vdc on receive, +5 Vdc ground. display board (2036-DB) 

On the micboard, pin 3 is labeled +5 Vdc on 

TRANSMIT; pin 1 +5 Vdc on RECEIVE. Pin 2 is the Molex pins or low-profile 1C sockets may be used 

audio output. Power for ail circuits in the microphone on this board. R9 is a 200-ohm resistor to enable the 

is obtained from the 7805 (IC1) originally in the rig decimal point on the display. Install it and connect a 

(fig. 10). wire to one end for further connection to the mega- 
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hertz LED. Capacitor Cl is installed if double or triple 
digiting happens when the key pad is pressed (fig. 
9). Whether or not your SN74LS298 chips match has 
a direct bearing on the need for Cl; its range is be¬ 
tween 100 /iF-470 pF. To test all of the LEDs after in¬ 
stallation, just key in four "eights." 



fig. 6. Mounting of components for the voltage 
regulator, which are installed under the 
HW-2036 synthesizer board. 


HW-2036 synthesizer board 

Our next adventure starts on the HW-2036 synthe¬ 
sizer board. Very carefully remove all the pull-up re¬ 
sistors associated with the thumbwheel switches: 
R401-R409, R411-413. Install a small solder bridge on 
the 2036-DB, at the scan bridge to pin 10 of IC7 if not 
using the scan option (fig. 9). A small piece of wire 
with five leads should be run from the microphone 
cable to the display board for strobe and BCD data. 
No shielding is required here. Run the wire beneath 




the volume control and mode switches. All common 
cathode LEDs should be mounted about 1/4 inch (6.5 
mm) above the 2036-DB surface. A piece of balsa 
wood or plastic can be used for this task. 

Install the 2036-DB board, and with a pencil mark 
the window center position. Then super glue the 
LEDs to the board. Install the 25-^F, 25-Vdc and the 



.01 fiF capacitors to both 7805 voltage regulators. 

Connect the rear 7805 to the B power pin and the 
front 7805 to the A power pin (fig. 10). All common 
cathodes of the LEDs can be daisy-chained, then one 
end can be connected to ground. The wires to the 
thumbwheel switches should be resoldered to their 
corresponding drivers at locations A-B-C-D. For IC8, 
pins 7 and 1 are points A1 and A2 respectively on the 
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synthesizer board. IC10 displays the tens of kilohertz; 
IC11 kilohertz (fig, 2). 

scan board (2036-SB) 

This scan board mounts forward on the 6-32 x 2- 
1/4-inch (M 3/5 x 57 mm) screw. The scan board is 
built on a piece of perf board. Install all chips and 
transistor Q1 with resistor R1. Clock-out from the 
NE555 goes to the scan-operate switch (0/5 kHz) to 
provide a strobe pulse to the SN74LS298s. When 
scanning, if your synthesizer isn't locking onto fre¬ 
quency, the clock frequency of IC4 on the 2036-SB 
should be slowed down by increasing the values of 
R1 and R2to above 1 meg. The leads from IC1-IC3 of 



tors showing 5-volt power distribution. 


the scan board should be connected to the display 
board using wire wrap. 

Wiring the scan/operate switch is next. The 2036- 
DB strobe is connected to the center pole of one side 
of this switch. To scan 147.000-147.999 MHz, key in 
7-7-7-7, then switch to scan. The switch should be 
toggled slowly. This scan modification facilitates the 
location of new repeaters in a new city. By no means 
is it competitive with professional scanners. 

checkout 

Complete all connections and reassemble, leaving 
the skins off. For that matter, you can leave the dis¬ 
play board out and to the side of your rig. (No need 
to hook up the synthesizer wires until the 2036-DB is 
operational.) Assuming you've done all the above 
correctly, we're ready to power up. The display will 


read some random numbers and sometimes even 
letters. 

On the 2036-MB check the NE-555 pin 8 and 
MC14419 pin 16 for + 5 Vdc. If it's present, we'll as¬ 
sume pin 3 of the NE-555 is generating a clock pulse. 
There are two key strokes considered by the keypad 
to be invalid in the receive mode. They are # and *. 
This being true, they will not generate a bit pattern 
upon key depression, only in receive mode. 

Depress some digits. Your display should follow 
from right to left; if not, let's troubleshoot it. When 
you depress a valid key, the strobe pulse should ap¬ 
pear on the output of MC14419 pin 14. A scope or 
logic probe is required to view this signal, as it is very 
short in duration. As long as you hold your finger on 
the keypad digit, the output loads (A-B-C-D) of 
MC14419 will represent the desired digit. If not, 
check all voltages in your micboard and repair. The 
keypad data and strobe are sent to IC7 on the 2036- 
DB. At IC7, which is the kHz digit, the BCD data is 
sent to decimal converter IC3. It will generate a logic 
one if the BCD input is between zero and four and a 
logic zero if it is between five and nine. The signal is 
inverted at IC2 then sent to a five-input NOR gate for 
the final 0/5 kHz output. A logic zero is equal to zero 
kHz, and a logic one equals 5-kHz shift up. 

On displaying your operating frequency, suppose 
you desire 147.345 MHz. Simply touch in the digit se¬ 
quence 7-3-4-5 on the keypad. Upon depressing the 
push-to-talk switch, the keypad is now a Touch- 
Tone™ pad and will generate the standard phone 
tones. 

concluding remarks 

The mic-Touch-Tone™ kit is available from Data 
Signal Incorporated labeled EK-2036. It includes a 1- 
MHz crystal, MC14410 Touch-Tone™ encoder, and 
various capacitors and components. This kit is re¬ 
quired only if your Micoder™ doesn't have the 
Motorola Touch-Tone™ encoder. Heathkit used the 
Mostek chip in some versions of the Micoder 2™, so 
check it carefully 

Circuit-board artwork is included for the daring in¬ 
dividuals who are familiar with double-sided etching. 
For those who are not so well off, the author supplies 
one 2036-MB and one 2036-DB with instructions for 
$19.95. The 2036-SB (scan board) must be built on 
perf board, as designing a board was not feasible at 
the time of this writing. 
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the XK2C AFSK generator 


Introducing a CMOS version 
of the Mainline XK2 — 
a spinoff design 
offering low power consumption 


The AFSK generator described in this article is a 
low-power CMOS version of the Mainline XK2. 1 The 
XK2, using TTL devices, required approximately 150 
mA at 5 Vdc. The XK2C will operate from a 10-15 
Vdc supply; at 12 Vdc it draws only 8 mA, including 
the additional audio driver stage (fig. 1). 

device compatibility 

The basic logic of the XK2C is the same as that of 
its predecessor. However, as Murphy's law would in¬ 
dicate, things are not as simple as direct substitution 
of CMOS ICs for TTL devices. CMOS operation is 
slower than that of TTL (about one-quarter as fast at 
5 Vdc). 


propagation delay 

Propagation delay through the programmable 
divider logic can easily exceed the time for one cycle 
of the clock, thereby skipping clock pulses and yield¬ 
ing an erratic output frequency. Three steps were 
taken to get around this problem. First, the clock fre¬ 
quency was reduced to 1606.5 kHz (one-half the TTL 
clock) and the final divide-by-two stage was elimina¬ 
ted. This provided the same output frequencies while 
allowing the programmable divider to function at 
one-half the rate. Second, the number of logic gates 
for the divider preset was held to a minimum. The 
preset input polarity for the CD4516 (fig. 2) is oppo¬ 
site to that required for the original 74193s, so an 
AND gate was required for proper preset. Third, the 
input voltage was raised to 10 Vdc minimum because 
CMOS operates faster at higher supply voltages. 

power-supply voltages 

Operation from a 5-Vdc supply may well be possi¬ 
ble, depending on the propagation delays of the 
chips used and the temperature range over which 
they will be operated. If 5 Vdc operation is desired, 
the output frequency should be closely checked with 
a frequency counter over the desired operating 
temperature range. The output frequencies should 
be stable at 2125 Hz, 2295 Hz and 2975 Hz. Propaga- 
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fig. 5, Non-component side of PC board. 


tion delays may cause one clock pulse to skip for 
each preset of the programmable divider, thereby 
yielding outputs of 2114 Hz, 2282 Hz, and 2953 Hz 
respectively. At 10-Vdc or more, worst-case pro¬ 
pagation delays won't be great enough to cause dif¬ 
ficulties. 

Elimination of the final divide-by-two stage left one 
clocked D latch (one-half of a CD-4013) unused. I de¬ 
cided to use this latch to clock in the CW ID data, 
thereby making it coherent, as with the TTY data. 
This doesn't really buy anything, but it was available 
and eliminates the need for one inverter, since both 
Qand Q.outputs are available from the latch. 

Shift-selection logic was added so that the 170-Hz 
or 850-Hz selection could be made with a spst switch 
instead of the spdt switch required by the XK2 .1 add¬ 
ed an audio driver stage (UA741 op amp) to provide 
plenty of output signal and a good, stiff source capa¬ 
ble of driving low- as well as high-impedance trans¬ 
mitter audio inputs. I added a loop-to-logic converter 
(SK3106, SK3114, and IL74) for direct connection 
into the teleprinter loop. This input is isolated from 
ground and will operate with either polarity current. 

The value of R1 was selected from fig. 1 for keying 
from either a 20-mA or 60-mA loop; or R1 may be 


deleted altogether for keying directly across a 5-Vdc 
supply. High-voltage loops (100-200 Vdc), with se¬ 
lector magnets directly in line, often generate spikes 
and rf hash, which could get into the XK2C logic. 
The PC board has been designed so that the loop-to- 
logic converter can be easily shielded if required. The 
PC board plugs into a Cinch type 50-15A-20, 15-pin 
receptacle. 

assembly 

The XK2C was assembled on a double-sided, plug¬ 
in PC board (figs. 4 and 5). Since it was not possible 
for me to make plated-through holes, it was neces¬ 
sary to solder the components to the foil on both 
sides of the board. Care must be taken not to over¬ 
heat the ICs during soldering. 

The XK2C has all the features of the earlier XK2 
plus a few extra, and it offers a considerable savings 
in power consumption. 
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theT coupler 

Here's a handy little gadget for 
your shack or shop that I've found to 
be as useful as the zip top on a Bud. 

If you've ever had a need for a con¬ 
venient transmitter-to-counter cou¬ 
pler, low power dummy load, match¬ 
ing network for a signal generator, or 
a little device to help measure repeat¬ 
er desense, this might be just what 
the doctor ordered. Basically, it's a 
50-ohm, 2-watt dummy load and ca¬ 
pacitance coupler made from three 
standard uhf connectors: a barrel 
(PL-258), a tee (M-358), and a plug 
(PL-259). 

Construction is simple. Insert a 50- 
ohm, 2-watt resistor into the back of 
a PL-259 (fig. 1). Solder and trim the 
pin end of the connector. Trim the re¬ 
sistor lead at the back end of the con¬ 
nector and fill with solder to prevent 
any rf leakage. This will serve as your 
conventional 2-watt dummy load. 
Not too tricky so far. 

Now, modify the T connector as 
follows. Unscrew the pin from the 
center section T and replace it with a 
flat-head screw. Over the head of the 
screw, place two or three pieces of 
insulation mica or plastic. Insert 
another flat-head screw into one end 
of the barrel connector. Now screw 
all three connectors together and 
check continuity to ensure proper 
insulation. 



When tuning a low-power trans¬ 
mitter, a counter can now be coupled 
through the barrel. For higher-power 
transmitters, replace the 2-watt 
dummy load with a larger one. 

With a receiver coupled to the 50- 
ohm match, a signal generator can be 
coupled by means of the barrel con¬ 
nector. 

To check repeater desense, con¬ 
nect the duplexer output to a suitable 
dummy load through the T and con¬ 
nect a calibrated generator through 
the barrel connector. Measure the 


signal difference with the transmitter 
on and at idle. 

Now that you've probably thought 
of at least 27 other uses for this little 
gem, there's no excuse for not add¬ 
ing it to your test bench. 

John LaMartina, K3NXU 

improved ground- 
mounted vertical for the 
lower bands 

When using ground-mounted verti¬ 
cals a good ground system is essen¬ 
tial for best results. In the case of a 
1/4-wave or shorter vertical, the 
largest current in the ground system 
is near the base. Many radials will re¬ 
sult in a small amount of power loss. 
However, it should be possible to im¬ 
prove on the average ground system 
by moving the high current portion of 
the ground into a metal conductor. A 
coaxial vertical antenna is the basis 
for this idea. 

The upper 1/4 wave could be 
shortened by top loading. The lower 
1 /4-wave sleeve also could be cut to 
a more convenient length, with the 
feed line passing through the sleeve, 
as usual. The ground radials would be 
connected to the bottom of the 
sleeve at ground level. 

Increasing the height above ground 
of the high-current portion, and al¬ 
lowing current to flow into a low-loss 
conductor out of the ground, should 
result in some degree of improve¬ 
ment. Of course, a full-size coaxial 
vertical would be nice — it wouldn't 
need any ground radials at all. Quite 
impressive, too, at 260 feet (79 
meters) it would direct passing hams 
to your location from miles away. 

E.R. Lamprecht, W5NPD 

modification of Ham-M 
rotator control box 

Early models of the popular Ham-M 
rotator have one very undesirable 
characteristic. When power is re¬ 
moved from the rotator motor, power 
is simultaneously removed from the 
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brake solenoid, causing the brake to 
slam into the rotator housing. This 
brings the moving antenna to an 
abrupt halt, thereby applying severe 
torsional strain to mast, rotator and 
tower. 

I redesigned the switch in the con¬ 
trol unit to change the make-break 
contacts so the antennas would 
come to a halt before the brake was 
applied. I had no way to manufacture 
a substitute switch, so I sent a draw¬ 
ing of the switch to the manufacturer 
and suggested the improvement. 
They said they were not interested! I 
had no intention of installing a torsion 
bar (per the manual) on my tower 
when there surely must be a better 
way. 

Simple wiring changes in the con¬ 
trol box of Series-3 units will provide 
independent brake control with no 
additional parts or switches and no 
drilling. My Ham-M is a Series 1, in 
which I modified the control unit to a 
Series 3 configuration per the simple 
instructions in the owner's manual, 
which came with the unit. Therefore, 
Series 1 and Series 2 units should be 
modified to Series 3 before the 
changes are made. 

When the following changes have 
been made, moving the control lever 
slightly to right or left will cause the 
meter to indicate antenna position 
and will simultaneously release the 
brake. Moving the lever full right or 
left will start rotation. When the an¬ 
tenna has reached the desired head¬ 
ing, moving the lever back to first 
position will allow the antenna to 
come to a gentle stop. Returning the 
lever to center position then applies 
the brake. 

I put a piece of masking tape just 
above the screw terminals on the 
back of the control box and marked 
them 1 Blk, 2 Red, 3 Blu, and so on. It 
is also a good idea to mark out the 
Series 1 on the control box back and 
change it to Series 3 for reference, if, 
indeed, you're modifying one of the 
earlier models. 

One final note: In modifying my 


unit, I used parts of three schematics 
to come up with the desired result. I 
decided to write out the steps re¬ 
quired and work from that, rather 
than pick off each step from a draw¬ 
ing. It worked beautifully for me and 
I'm sure it will for you. 

mod steps 

Viewing the control box switch 
from the top, contact 1 is the first 
contact on lower left; other contacts 
progress clockwise. Proceed as 
follows. 

1. Remove eight wires from rear ter¬ 
minal strip. They will be returned to 
their original position when wiring is 
completed. Remove four rubber 
mounting feet. Lift off plastic cabi¬ 
net. Remove four screws that hold 
meter assembly to base plate. Move 
meter assembly outward to provide 
access to control switch. It may be 
necessary to remove the power- 
transformer mounting screws to pro¬ 
vide access to the inside of rear termi¬ 
nal strip. In the following wiring 
changes, when a connection is made, 
it should be soldered unless another 
wire is to be connected to that point 
later, in which case the instructions 
will say "do not solder." 

2. Disconnect wire from SW contact 
1. Leave it connected to 5 on rear ter¬ 
minal strip. 

3. Remove jumper that is connected 
between SW contacts 4 and 8. 

4. Remove from SW contact 4 the 
wire that goes to the primary of the 
instrument transformer. 

5. Remove wire that connects SW 
contact 2 to 2 on rear terminal strip. 

6. Remove wire from SW contact 3. 
Leave other end connected to 6 on 
rear terminal strip. 

7. Reroute this wire from terminal 6 
and solder to SW contact 8. 

8. Remove the bottom wire from the 
primary winding of the power trans¬ 
former. 


9. Connect the wire just removed 
from the power transformer to 2 on 
the rear terminal strip. This now con¬ 
nects SW contact 6 to rear terminal 
strip 2. 

10. Remove the wire from SW con¬ 
tact 4. (This is one lead of the primary 
of the instrument transformer.) 

11. Connect the wire just removed to 
SW contact 2. Do not solder. 

12. Connect a wire from the bottom 
terminal on the power transformer to 
SW contact 2. Solder two. 

13. Install a jumper wire between SW 
contacts 1 and 3. Do not solder 3. 

14. Remove wire that connects SW 
contact 7 to 3-amp fuse holder on in¬ 
strument side of fuse. 

15. Connect a wire from 3-amp fuse 
holder on instrument side of fuse to 
SW contact 3. Solder two. 

16. Connect the wire attached to 5 on 
the rear terminal strip to SW contact 
4. In this modification switch con¬ 
tacts 5 and 7 are not used. 

This completes the wiring. It might 
be a good idea to check over the in¬ 
structions before starting the modifi¬ 
cation, once the unit is removed from 
the cabinet. In this way it will become 
apparent as to just what's happening 
and why the brake operation will be 
independent of rotation. 

After attaching the eight wires to 
the rear terminal strip, check out, 
with 120-Vac connected, should read 
approximately 30 Vac across termi¬ 
nals 1 and 2 when the switch is oper¬ 
ated in either direction. A reading of 
31 Vdc across terminals 3 and 7 with 
the switch operated is normal. 

I modified my rotor control about 
three years ago and it has certainly 
been a source of pleasure to know 
that my tower, beams, and rotator 
are no longer subjected to the severe 
(and totally unnecessary) torsional 
forces. 

William G. Blankenship, Jr., 
K4DLA/W1RDR 
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Observation 
& Opinion 


It seems that a West Coast Amateur has decided to make some easy money by publishing material to aid 
prospective licensees in passing FCC Amateur examinations. His material is crafted so that mere memoriza¬ 
tion of answers to FCC exam questions practically guarantees a passing grade. His product apparently is 
derived from FCC exam materials. Such material is gleaned by a well-organized effort to collect questions 
verbatim from the various exams when they are administered by FCC representatives. Very often this has 
happened at Radio Amateur conclaves and conventions. We at ham radio magazine deplore such tactics. 
Amateur Radio has flourished because of its many established traditions. "In today, out tomorrow" publi¬ 
cations, such as that referred to above, defeat the entire purpose of the Amateur Radio tradition, which 
has made our hobby one of the greatest in the nation for over 60 years. 

Where do these questions and answers come from? From Radio Amateurs. The publisher in question 
solicits FCC test questions from those who have recently taken the exam, then publishes these questions 
along with the proper answers. Pretty neat. All one has to do is memorize the questions and answers, and 
the exam is a comparative cinch. 

The publisher probably is making lots of money publishing the exam questions and answers without 
apparent legal sanctions (at least to date). But what about the long-range impact on the Amateur Radio 
Service and U.S. taxpayers at large? We lose. 

An interesting sidelight is that the publisher justifies his action in the interest of "socially motivated" 
hams. His rationale for this rather obtuse reasoning is Part 97.1 (a) of the FCC rules and regulations, Basis 
and, Purpose : "Recognition and enhancement of the value of the amateur service to the public as a volun¬ 
tary noncommercial communication service, particularly with respect to providing emergency communica¬ 
tions." (Italics mine.) 

The publisher, however, conveniently overlooks Part 97.1 (b), which states: "Continuation and exten¬ 
sion of the amateur's proven ability to contribute to the advancement of the radio art,." (Italics mine.) 

How can anyone in the Amateur Service comply with regulation 97.1 (b) if a license is obtained by mem¬ 
orizing answers to FCC questions? It is the purpose of this magazine to encourage Amateurs, by publishing 
articles on current technology, to "contribute to the advancement of the radio art." We believe that, for 
the most part, Amateurs who obtain their license using only the memorization technique are rarely in a 
position to contribute to part 97.1 (b) on a technical basis. There are exceptions, of course, but the method 
of preparing for exams to which we object seems to augur an increasingly less proficient operator in the 
midst of a rapidly increasing technical operating environment. 

What can we Amateurs do to promote the technical integrity of Amateur Radio? Let's learn as much 
electronic theory as possible before taking the examination. It requires some effort, true, but when we 
pass the FCC exams based on knowledge rather than memorization we achieve a more significant accom¬ 
plishment. After all, that's what ham radio is all about. Consider part three of "The Amateur's Code" by 
Paul Segal: "The Amateur is Progressive ... He keeps his station abreast of science. It is well-built and 
efficient. His operating practice is above reproach." 

ham radio continues to endorse this philosophy. The Amateur Radio Service cannot survive if licenses 
are obtained without due regard to technical knowledge: that is, passing FCC exams by learning the ques¬ 
tions and answers by rote. 

All prospective Amateurs should take a closer look at this problem. We licensed Amateurs who organize 
training classes and other tutorial endeavors have a special responsibility in this regard. Obtaining an Ama¬ 
teur license requires some effort. It is usually a difficult, time-consuming process. The successful license 
applicant will find the process rewarding for years to come. 

What can the FCC do at this point to promote the technical integrity of Amateur Radio? We have some 
ideas, but we would like to hear from our readers on this point. Should the FCC look the other way while 
the abuse of Amateur exams continues? Should the FCC adopt an Amateur exam question series broadly 
similar to the FAA's several-hundred-question series for the Private Pilot license? More basically, why 
should newly updated exams be negated by one of us at the expense of us all? Consider this issue careful¬ 
ly, then discuss it among your Amateur Radio associates. Your views on the subject will be welcome at 
ham radio. 

Alf Wilson, W6NIF 
Editor 
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RSTfeedback 

Dear HR: 

I read your comments on DL7DO's 
letter in "Observations and Com¬ 
ments," September, 1980, with some 
interest and a bit of confusion. 

When I was running a '45 with 135 
(not 90) volts on the plate, a signal re¬ 
port of S7 would have been some¬ 
what meaningless: it did not gain sig¬ 
nificance until adoption of the RST 
system in the late thirties. The proper 
report prior to that would have been 
QSA (1-5), R (1-9). At the time of the 
adoption of the RST system most had 
converted to non-chirpy crystal con¬ 
trol, and a-c on the plate supply 
brought an immediate citation from 
the newly formed FCC. 

There is a definite need for accu¬ 
rate signal reporting, but if a report 
on tone is no longer needed (I for one 
disagree strongly with this reason¬ 
ing), then let us not go the route of 
"inventing" a new system when the 
need is clearly covered in the interna¬ 
tional Q signals. 

My personal feeling is that the RST 
system is performing admirably, with 
the exception of some contesters, 
and a change of the system would 
not change that. In other words, if it 
ain't broke, don't fix it! 

Rue O'Neill, W0NN 
St. Louis, Missouri 


Dear HR: 

I applaud the idea of junking the 
RST signal reporting system. But do 
we really need a new system? Why 
not simply make use of the existing 
QSA system which (with "copy" 


QSA 1 Scarcely perceptible — no 
copy 

2 Weak — very little copy 

3 Fairly good — partial copy 

4 Good — almost full copy 

5 Very good — full copy 
Reports would simply be Q1, 2, 3, 

4, or 5. Where the situation permits, 
an operator should do the other sta¬ 
tion the favor of reporting technical 
signal defects such as distortion, 
overdriving, VOX clipping, key clicks, 
poor tone, etc. 

The difference between a signal re¬ 


ceived off the end of a dipole and the 
same signal received by a properly 
oriented high-gain beam is tremen¬ 
dous. The signal strength measured 
in the receiver depends almost entire¬ 
ly upon the character and orientation 
of the receiving antenna. A signal re¬ 
ported as S5 by a station with a medi¬ 
ocre antenna might easily be reported 
S9 or more by the station right next 
door having a superior antenna. So 
the popular "S" reports are all but 
meaningless anyhow! 

J.W. Kennicott, W40V0 
Lexington, Tennessee 


"circuit figure of merit" 

Dear HR: 

In reference to "Observations and 
Comments" in the September, 1980, 
issue of ham radio, I thought you 
might be interested in the "Circuit 
Figure of Merit" used by the State of 
New York in police two-way fm radio 
communications in the vhf and uhf 


In writing specifications we usually 
ask the bidder to guarantee a Circuit 
Figure of Merit of 3 or better in a de¬ 
fined area of coverage from defined 
sites and with defined equipment 
parameters. 

Byron H. Kretzman, W2JTP 
Huntington, New York 


The performance of a two-way radio circuit can be defined 
by grading the circuit in terms of a "Circuit Figure of Merit" 
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AN IMPORTAHT ANTENNA VICTORY has not only restored the right of a Placentia, Cali- 
fornia, Amateur to use the antenna system of his choice, but has also reimbursed him 
his attorney's fees for defending that right. W6Q0L, represented by attorney K6JAN, 
won his decision by taking the offensive and suing the city of Placentia in federal 
court for violating his civil rights by passing legislation aimed at his installation. 

W6Q0L 1 s Tower, A 71-foot Crankup with several beams on it, had been constructed in 
1977 with the approval of the city^s planning commission, but prodding by an unhappy 
councilman who lived nearby led the city council to pass an emergency ordinance making 
such installations illegal and ordering W6Q0L to take it down. His response was to 
file a suit charging civil rights violation in the Federal District Court for the 
Central District of California. 

On May 2, 1978 , Judge Robert M. Takasugi granted a preliminary injunction that pro- 
hibited Placentia from enforcing its ordinance but limiting the antenna to 50 feet. 

On December 11, 1978, the preliminary injunction was made permanent, noting that the 
ordinance had infringed W6Q0L's right to free speech and ordering the city to review 
and revise its ordinance to conform with the Constitution. On June 3, 1980, the court 
awarded W6Q0L his attorney's fees as "prevailing plaintiff in the Paragraph 1983 action 
pursuant to the Civil Rights Attorney's Fees Act." 

W6Q0L's Antenna Was Still Limited to 50 feet, however, until a September 26 ruling 
by Judge Takasugi that modified his permanent injunction by removing the height restric¬ 
tions. Placentia has 30 days in which to appeal, but it's considered unlikely that it 
will. The city has already spent a great deal of money on this case, and an appeal 
would cost it a good deal more, with at best a marginal chance of success. 

Details On This Unusual antenna case will be available from both the Personal Com- 
munications Foundation, which assisted K6JAN during the proceedings, and the ARRL. 

THE COMMUNICATIONS ACT REWRITE IS DEAD for this session of Congress. The House Judi- 
ciary Subcommittee has voted unanimously to recommend delaying further Congressional 
consideration of the often stalled and controversial legislation until Congress's next 
term, essentially ensuring it's a dead issue for now. Biggest current problem with the 
rewrite was the possible effect its proposed restructuring of AT&T would have on the 
government's antitrust case against Bell Telephone. 

Although Another Rewrite effort can surely be expected in the next Congress, there's 
a serious question as to just what it is likely to contain. Each rewrite attempt has 
some significant shifts in emphasis, and the next one should be no exception. One addi¬ 
tion that can be expected, however, is a provision, similar to Rep. Preyer's bill and 
the current California legislation, to control or restrict unscramblers and other equip¬ 
ment designed to intercept pay TV signals. 

Rep. Preyer's Bill has been modified by Congressmen Smith (Washington) and Waxman 
(California) in attempts to further strengthen protection for the subscription TV indus¬ 
try. Their new version is directed specifically at the "commercial piracy" firms,, a 
move that apparently will resolve the potential threat to Amateurs who wish to work on 
homebrew gear, and their suppliers. 

That California Bill Has Finally been signed by Governor Jerry Brown, making it il- 
legal in California to manufacture, distribute or sell "any device or plan or part for 
the knowing purpose of facilitating an unauthorized interception or decoding of sub¬ 
scription TV signals." This bill is so broad in its scope that it's sure to be chal¬ 
lenged in court—even one of the subscription TV firms is thinking of going after it. 

ATTEMPTS BY RC MODELERS TO GET 6 meters for non-Amateur RC use was to come up for 
hearing before the FCC on Thursday, November 6. Unhappy with an earlier staff opinion 
that only licensed Amateurs could operate RC equipment in the 6-meter band, the Academy 
of Model Aeronautics petitioned for a formal review before the Commissioners and staff. 
They'd like to bring about a rules change to permit anyone to operate 6-meter RC trans¬ 
mitters under the supervision of "a licensed Amateur." However, Part 97 still requires 
an Amateur license to operate an Amateur transmitter, though a "third party" may com¬ 
municate through an Amateur station with a "control operator" standing by. Since Radio 
Control is a one-way transmission the rules pertaining to third party communications 
should not apply, so any decision to permit someone not holding an Amateur license to 
operate a transmitter on Amateur frequencies—even under "supervision"—would be a 
departure. 

COST OF AMATEUR GEAR IN CANADA should be dropping sharply, following the long hoped- 
for elimination of import duty on Amateur Radio equipment. New Tariff Item 44535-2, 
passed on October 28 and effective October 29, removed the 15 per cent tariff formerly 
charged Canadians on "Amateur transmitters, receivers, transceivers, transverters, 
assembled or in kit form, designed for use only on Amateur bands of the radio frequency 
as defined by regulations made pursuant to the Radio Act; linear amplifiers, VFOs and 
power supplies designed for use with the foregoing, parts of all the foregoing." The 
federal sales tax of 9 per cent still pertains, however, and equipment not specifically 
made for Amateur use—for example, general coverage receivers—is still subject to the 
15 per cent bite. 
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This easy-to-build oscillator 
features multiple-band 
application, remote tuning, 
and phase-lock capability 

This uhf oscillator is the result of much experimen¬ 
tation. It has an outstanding record of utility and per¬ 
formance. Despite the opinion of many Amateurs, a 
good uhf oscillator can be built without a shop full of 
machine tools, expensive test equipment, and a high 
degree of manual dexterity. The PC boards that have 
been developed for the circuit described here will al¬ 
low anyone to build a voltage-tuned uhf oscillator. 

general description 

This oscillator has many applications. It was origi¬ 
nally intended for use as the local oscillator in a 
1215-1300 MHz TV converter. Later, the board was 
modified so that the operating-frequency band could 
be moved up or down to satisfy various other appli¬ 
cations. Finally, provisions were made to add either a 
doubler or tripler circuit to extend the useful output 
frequency range into the microwave region. 

features 

The fundamental tuning range of the circuit 
covers = 1120-1300 MHz, However, by changing 
the lengths and locations of the frequency-determin¬ 
ing circuit elements on the PC board, the operating- 
frequency range can be adjusted to about 900 MHz 
and 1400 MHz, giving coverage between 900-4200 
MHz with the help of the multiplier circuits. 

A varactor provides continuous tuning from a re¬ 
motely located potentiometer. This feature may be 
important if you're interested in weak-signal detec¬ 
tion, because it allows the entire converter, including 
the uhf local oscillator, to be located where it belongs 
— at the antenna. 

For television applications, the oscillator may be 


multipurpose 
voltage-tuned 
UHF oscillator 

operated either in the free-running mode or phase 
locked to a stable reference signal. 

The addition of phase-lock capability is easy, be¬ 
cause the basic oscillator already includes a tuning 
varactor. Remote tuning can be used with or without 
the phase-lock feature. The uhf oscillator is simple. 
No need for a crystal multiplier chain; therefore no 
need to struggle with unwanted crystal-oscillator 
harmonics. Also, if your interest lies in ATV, where 
crystal control may not be necessary, the design is a 
natural because of its simplicity. 

A divide-by-40 prescaler is mounted on the PC 
board with the oscillator. The prescaler drives an ex¬ 
ternal frequency counter to monitor the oscillator fre¬ 
quency. Not only is the counter useful as a frequency 
indicator, it's needed for setting and adjusting the os¬ 
cillator. The prescaler also provides a signal for the 
phase detector. 

Numerous techniques can be used to phase lock 
the uhf oscillator to a crystal reference to achieve a 
high degree of frequency stability; many articles have 
been written to describe them. In this article, atten¬ 
tion is placed on a simple technique that uses a crys¬ 
tal clock as the phase-locked loop (PLL) reference 
and manual tuning to select the desired lock point. 
By the proper choice of crystal frequency and divider 
chains, the uhf oscillator may be locked to any one of 
a number of desired frequencies. Tuning is done with 
a ten-turn pot. 

applications 

Fig. 1 illustrates a typical ATV application that em¬ 
ploys the uhf oscillator in the free-running mode as 
the local oscillator for the mixer. No phase-locked 
loop is associated with this circuit. A single shielded 
wire connecting the operating position with the con¬ 
verter serves for tuning, and the converter output is 
fed over a length of inexpensive transmission line to 
the receiver. This arrangement avoids the usual deg¬ 
radation in signal-to-noise ratio that generally results 
from transmitting the rf signal over a long transmis¬ 
sion line. 


By Norman J. Foot, WA9HUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 
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In applications where frequency stability is impor¬ 
tant, or where a click-stop form of tuning is desired, 
the basic oscillator can be locked to a stable refer¬ 
ence. A block diagram of such a scheme is illustrated 
in fig. 2. The i-f output from the mixer feeds a band¬ 
pass filter wide enough to pass the entire band of fre¬ 
quencies of interest, while a wideband fm or televi¬ 
sion receiver provides the necessary tuning and se¬ 
lectivity. A preselector may be needed between the 
low-noise preamplifier and the mixer, depending on 



theapplicationandchoiceofintermediatefrequency. 

In both of these arrangements, a frequency scaler 
drives a frequency counter to permit measurement 
and continuous monitoring of the uhf oscillator fre¬ 
quency. It's convenient to have this capability, 
whether the phase-lock feature is used or not. If a 
programmable counter is available, the readout can 
display the signal frequency rather than the oscillator 
frequency. 

The advantages to be gained by use of the uhf os¬ 
cillator described here are now apparent. In some ap¬ 
plications the basic oscillator and prescaler alone 
may do the job, and continuous tuning from a re¬ 



mote location can be used; or a simple PLL may be 
added for bandswitching, with tuning and selectivity 
provided by an fm or TV receiver. In either case, a 
counter can monitor the oscillator (or the equivalent 
signal) frequency. Other applications can be accom¬ 
modated using the same PC board with minor modi¬ 
fications, and frequency multiplication can be added 
for application up into the microwave region. 

the uhf oscillator 

The transistor selected for the uhf oscillator (fig. 3) 
is the HP-35821 B. It has an f, of 4.5 GHz. In the com- 
monbase configuration it's ideally suited for oscillator 
service. The 35821 has been around for over ten 
years and is inexpensive. As an oscillator, it can pro¬ 
vide 50 mW or more of useful output power with 
good efficiency. 

The base terminals of the 35821 are soldered di- 
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fig. 4. Mechanical details of inductor LI in fig. 3. 
is 0.032-inch-thick (0.8 mm) brass stock. 


rectly to the pad provided on the PC board. The 
board is G10, which is entirely satisfactory for use 
over the uhf oscillator fundamental tuning range. 
The board includes all the rf bypass capacitors asso¬ 
ciated with the oscillator circuit; no chip capacitors 
are needed. 

Fig. 3 is the schematic of the uhf oscillator. There 
are four special rf circuit elements, LI, L2; Cl and 
C2, LI and Cl are the most critical, because they are 
the principal frequency-determining components. LI 
is made of flat brass strip elevated about 0.1 inch (2.5 
mm) above the ground plane. The mechanical details 
of this inductance are illustrated in fig. 4. 

Capacitor Cl is a varactor tuning diode connected 
in series with LI (fig. 3). It returns to ground through 
the large pad under LI but is electrically above 
ground to accommodate tuning and automatic phase 
control. The location of Cl sets the effective length 
of LI. Moving it back and forth adjusts the tuning 
range up and down in frequency. The distance be¬ 
tween the transistor collector and the tuning varactor 
should be about 1-1/2 inches (38 mm) to tune the 
range 1120-1320 MHz. The rf ground pad on the PC 
board was made long intentionally to provide a wide 
choice of operating range. 

Inductor L2 is a four-turn coil wound with No. 18 
(1.0 mm) tinned copper busbar with a 1/8 inch (3 
mm! inside diameter. The exact inductance of this 
coil isn't critical. 

Capacitor C2 is a feedback capacitor made from 
0.010-inch (0.25 mm) shim brass stock 1/2 inch (13 
mm) long and 1/8 inch (3 mm) wide. It is soldered to 
the emitter and extends over the top of the transis¬ 
tor, parallel with the collector inductance, LI. The 
feedback capacitor is insulated from LI with 0.001 
inch (0.03 mm) Mylar tape. Feedback is controlled by 
bending the shim to position it closer or further away 
from LI. Note that the fixed bias divider consisting of 
R1 and R2 provides very little forward base bias; con¬ 
sequently, the collector current is primarily determined 
by the amount of feedback from emitter to collector. 
This is convenient, because it allows a simple means 


for properly adjusting the feedback. The correct 
feedback corresponds to the spacing that produces 
30-40 mA collector current. Capacitor C3 is a printed- 
base bypass capacitor. Capacitor C4, which is the rf 
bypass for the series L1-C1 circuit, is also printed on 
the oscillator board. 

The rf choke is an eight-turn solenoid wound with 
No. 24 (0.5 mm) enamel copper with a 1/8 inch (3 
mm) ID. The junction of the rf choke and the 10-ohm 
resistor is supported by the terminal of a push-in Tef¬ 
lon standoff insulator, 

power output 

Overall converter performance can be degraded 
because of lack of sufficient local oscillator power. 
Many Amateurs don't have facilities to measure rf 
power accurately, in which case the adequacy of 
their local oscillator is unknown. Mixer noise figures 
less than 5 dB can be realized with 10 milliwatts of LO 
power. However, as the LO power is reduced below a 
few milliwatts, noise figure generally increases dra¬ 
matically. If the mixer in your system needs the help 
of more than one low-noise preamplifier, chances are 
that the mixer noise figure is abnormally high. This is 
most likely the result of inadequate local-oscillator 
power. It's possible to reduce the mixer's appetite for 
LO power by various schemes, including applying dc 
forward bias to the diodes; but for most practical ap¬ 
plications, a good design goal for mixer LO power is 
10 milliwatts. This point was kept in mind during the 
design of the uhf oscillator. 

The available power from the uhf oscillator des¬ 
cribed here is, fortunately, quite high, which allows 
the output to be loosely coupled; in turn this pro¬ 
motes good free-running stability. When the uhf os¬ 
cillator is used to drive a doubler, power levels well 
above 10 milliwatts are easily obtained, with the 
doubler circuit providing the isolation. Power output 
from a fixed-tuned tripler was measured at +7 dBm 
minimum when used with an appropriate idler circuit. 



14 (SB december 1980 





the phase-locked loop 

To provide design flexibility, the oscillator is on 
one PC board and the phase detector on another. In¬ 
put signals required by the phase detector are the 
prescaled signal from the uhf oscillator and the tun¬ 
ing voltage. A single output feeds the VTO (varactor- 
tuned oscillator) varactor diode for frequency con¬ 
trol. Fig. 5 is a wiring diagram showing a) how these 
two boards interface, and b) the external signal and 
power requirements. 

The circuit on the phase detector PC board is iden¬ 
tical in most respects to the parametric phase detec¬ 
tor described in reference 1. This circuit provides 
considerable design flexibility. In the application 
here, it operates at about 30 MHz. The circuit (fig. 6) 
also includes provisions for the reference generator, 
consisting of a quartz crystal and a CD4060B oscilla¬ 
tor and divider chain. 

Fig. 6 shows the parametric phase detector. This 
board includes most of the PLL key components, 
which are the reference generator, spectrum genera¬ 
tor, phase detector, and loop filter and dc amplifier. 
Fig. 7 shows the phase detector foil and parts layout. 

reference signal 

The lock points for the uhf VTO are specified in 
terms of the reference-signal frequency and the pre¬ 
scaling factor. For example, assume the VTO is to be 
used as the local oscillator in a 23-cm ATV converter 
and 6-MHz lock-point separation is desired. If a 45- 
MHz i-f is to be used, the local oscillator frequencies 


will be 1206, 1212, 1218, and 1224 MHz, correspond¬ 
ing to signal frequencies of 1251, 1257, 1263, and 
1269 MHz. 

The lock points are 6 MHz apart at the oscillator 
frequency, but only 150 kHz apart at the phase de¬ 
tector because of the prescaler. The reference need¬ 
ed by the phase detector is therefore 150 kHz. Note 
that the 202nd harmonic of 150 kHz is 30.3 MHz, 
which is the spectral line recognized by the phase de¬ 
tector for the 1218-MHz phase lock. Thus, in this 
type of phase detector, the reference signal must be 
rich in harmonics. To accomplish this, the phase de¬ 
tector board includes a spectrum generator. On the 
other hand, if you're interested in a single operating 
frequency (1257 MHz for example), a crystal-con¬ 
trolled signal at 30.3 MHz is all that's needed. There 
are, of course, many other schemes that may be used 
depending on the application. 

Tuning and locking to a particular point is easily 
accomplished by watching the counter. When un¬ 
locked, the units and tenths of kilohertz digits will 
fluctuate due to jitter. When locked, all counter digits 
will remain steady, and it will be possible to rock the 
tuning knob back and forth within the hold-in range 
with no apparent change in the counter status. The 
final setting should be near the center of the hold-in 
range. 

The pull-in range of the PLL should be less than 
half the lock point separation; otherwise, if power is 
momentarily lost, the oscillator may end up locked to 
the wrong channel. Pull-in range can be controlled 
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by adjusting the power level of the prescaled uhf os¬ 
cillator signal at the input of the phase detector. 

prescaler 

The Plessey SP-8610 is a 1-GHz divide-by-four pre¬ 
scaler that works well considerably above 1 GHz, 
even when mounted in a DIP socket. This chip, to¬ 
gether with the Plessey 8636 decade divider, pro¬ 
vides outputs in the 27-33 MHz frequency range. The 
circuit is simple and straightforward. One important 
consideration is that prescalers used at these fre¬ 
quencies require leadless bypass capacitors. Chip ca¬ 
pacitors used initially performed satisfactorily from 
an electrical standpoint, but PC-board flexing caused 
them to work loose. To solve this problem, leadless 
capacitors were made by modifying dipped mica 
capacitors. The insulation was removed with a file, 
uncovering two metal clamps that hold the stack to¬ 
gether. Connections were made directly to the 
clamps by soldering. This arrangement is entirely sat¬ 
isfactory and considerably less expensive. 

The output from the SP-8636 drives a 2N5179 NPN 


transistor amplifier, which, in turn drives a 2N918 
splitter to provide dual low-impedance outputs. One 
of these is intended to drive the phase detector, 
while the other can be used to operate the frequency 
counter. I suggest that an external divide-by-25 cir¬ 
cuit be added to increase the overall division factor to 
1,000 for the counter. This circuit adds a conven¬ 
ience that relates counter kilohertz to oscillator 
megahertz. For example, the counter will display 
1200 kHz when the uhf oscillator frequency is 1200 
MHz. 

A schematic of the prescaler is shown in fig. 8. An 
input signal is coupled to the SP8610 by a small probe 
bent in an L shape and soldered to pin 4. The bent 
part of the probe is approximately 1/4 inch (6 mm) 
long and spaced 3/32 inch {2.4 mm) from LI. The 
probe should be carefully insulated with Mylar tape 
to prevent it from coming into contact with +12 
volts on LI. Also, to prevent damage, do not over¬ 
couple the 8610. The proper procedure is to tune the 
oscillator to the high end of its range and couple the 
probe sufficiently for the counter to operate properly. 
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trol voltage to the varactor diode. 

Varactor diode. The varactor tuning diode should 
be mounted with special care. Locate it on the rf pad 
with the cathode side up and solder the anode to the 
pad. Use a toothpick or pointed object to hold the di¬ 
ode in place during the soldering operation. Apply 
the soldering iron to the pad, not the diode, and only 
long enough for the solder to flow. Then tin the di¬ 
ode cathode terminal using a fine soldering iron tip. 
Apply as little solder as possible. 

Before proceeding further, cement the two phe¬ 
nolic shoulder washers in the base bypass pad holes 
with two-part epoxy cement. Use the quick-setting 
(5-minute) variety to avoid a 12-hour cure cycle. 

Collector line. The collector line, LI, should be 
mounted next. Tin the bottom side of the line where 
contact will be made with the varactor diode. Insert 
the pointed end of LI into the collector shoulder 
washer hole and solder the line to the varactor diode. 
Also, to take the stress off the varactor diode, a fiber¬ 
glass shim should be cemented in place under the 
line near the rf choke. Trim the shim with a file so 
that it slides under the line without forcing, then ap- 


At 1200 MHz, a very small coupling capacitance is 
sufficient. 

construction details 

The task of duplicating the performance of the 
original uhf oscillator is relatively simple when PC 
boards designed specifically for this project are used. 
If you don't have the facilities to etch your own 
boards, they can be obtained from Rock Engineering 
Supply Company, Inc., 1769 Armitage Ct., Addison, 
Illinois 60101. 

Construction sequence. For the most part, the uhf 
oscillator assembly is simple except that there is a 
certain sequence that makes the task easier if fol¬ 
lowed. I suggest that the feedthrough capacitors be 
mounted on the board first, followed by the DIP 
sockets, then all discrete parts not directly associated 
with the oscillator. Fig. 9 is a drilling template to be 
used to locate the feedthrough holes, shoulder 
washers, and Teflon standoff. If the oscillator is to be 
used at its fundamental frequency, holes should be 
drilled for the SMA connector. The coupling loop di¬ 
mensions and assembly are shown in fig. 10 if an 
SMA fitting is not available, a BNC type may be 
substituted. 

Connection is made to the rf ground-return pad of 
the varactor diode by inserting a 2-56 (M2) screw in 
hole A, using a fiber washer to insulate it from the 
ground plane on the component side of the board. 
This is the terminal used to bring the tuning and con- 



fig. 9. Top view of uhf oscillator board showing mount¬ 
ing-hole locations. 



fig. 8. Prescaler schematic. An input signal is coupled to 
the SP8610 by a small L-shaped probe, which is soldered 
to pin 4. See text for correct coupling adjustment. 
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ply a small amount of epoxy cement and secure the 
assembly in place. Finally, apply a very small amount 
of epoxy cement into the collector shoulder washer 
hole to secure LI. 

Emitter coil. The emitter coil should be mounted 
next, and epoxy cement should be applied to the 
shoulder washer hole to secure it in place. Mount the 
transistor on the base pad and solder the base leads 
to the pad. Solder the emitter and collector leads to 
the emitter coil and LI respectively, as shown in fig. 
10. Solder the feedback shim to the emitter end of L2 
(not shown) and insulate the shim with Mylar tape. 
Space it about 1/8 inch (3 mm) above the collector 
line. 

Before mounting the rf choke and the 10-ohm 
resistor, check out the 723 regulator and set its out¬ 
put voltage to +12 volts by adjusting the trimpot. 

There are five 1/10-watt resistors and three special 
mica capacitors that are soldered to the foil side of 
the board (see fig. 10). The parts layout on the com¬ 
ponent side of the uhf oscillator board is shown in 
fig. 11. 

Connect a shielded wire from one of the buffered 
prescaler outputs to a frequency counter and confirm 
that the counter displays frequencies between 
» 27-33 MHz as the tuning control is adjusted. 

oscillator enclosure 

The mechanical details of the aluminum shield 
cover that encloses the uhf oscillator are shown in 
fig. 12. The 2-56 (M) screws used to mount the 
shield cover on the board also interconnect the 
groundplane foils on opposite sides of the board. 
Since initial tests will be made without the enclosure, 
it will be necessary to insert the screws and tempo¬ 
rarily secure them with nuts to simulate the ground¬ 
ing condition. 

initial oscillator tests 

The uhf oscillator should be checked out first, 
without the aid of the phase detector board. Tempo¬ 
rarily connect a 10k ten-turn potentiometer between 
+ 12 volts and ground and connect the arm of the 
pot to the varactor terminal. Use the regulated volt¬ 
age from the 723 post regulator. Set the tuning volt¬ 
age to about 5 volts and monitor the current from the 
20-volt source with a milliammeter. When power is 
applied, the current should be approximately 25 mA. 
Gradually increase the feedback capacitance until the 
collector current is approximately 35 mA, but do not 
exceed 40 mA. 

Finally, the phase detector board is integrated into 
the system as illustrated in fig. 5, and the PLL is then 
checked out. 



conclusion 

The uhf oscillator described here has many poten¬ 
tial applications, depending on your interests. In my 
case, the performance of an existing 1296 TV conver¬ 
ter was considerably improved when the basic uhf 
oscillator operating in the PLL mode was substituted 
for the original crystal-oscillator-multiplier chain. A 
similar uhf oscillator equipped with a doubler circuit 
was used as the local oscillator in a converter origin¬ 
ally designed for use at 2304 MHz. Excellent MDS 
and ITFS TV pictures were received. Note that the 
uhf oscillator is not recommended for use in a nar¬ 
rowband receiver intended for CW, am, or SSB serv¬ 
ice because of its relatively high phase noise. 

I've also used the uhf oscillator with a tripler as the 
local oscillator in a TVRO receiver. In this case, the 
PLL was built with 20-MHz lock point spacing corres¬ 
ponding to the channel spacing of this class of serv¬ 
ice. In a future article I'll describe frequency multipli¬ 
ers designed for use with the uhf oscillator. 

Some of the parts required to build this uhf oscilla¬ 
tor probably won't be found in Amateur parts boxes. 
These include the prescalers, oscillator transistor, 
and the tuning varactor. I may be able to suggest 
sources for some of these parts or help you with 
other problems. In either case, please send an SASE 
with your inquiry. 
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conversion versatility 


using the 
F-237/GRC 
surplus cavity filter 

Good news for 
VHF/UHF experimenters — 
this surplus filter 
can be easily converted 
for use on 
6, 2, and 1-1/4 meters 


In two recent articles, } - 2 I described the conver¬ 
sion of several obscure surplus cavity bandpass 
filters for use in the vhf and uhf Amateur bands. 
Since then I've found another very interesting 
surplus cavity bandpass filter* that I've converted for 
use in the 50-54 MHz, 144-148 MHz, and 220-225 
MHz Amateur bands. 

The theory and operation of resonant-cavity band¬ 
pass filters have been fully covered in the literature 3 
and in my two previous articles. Therefore I'll go right 
into a description of this surplus "sleeper" and the 
conversions. 

the F-237/GRC-10 bandpass filter 

This filter was designed for use with the receiver 
section of Army radio set AN/GRC-10 and consists 
of three individual coaxial resonant re-entrant 
cavities connected in cascade, each tuned with its 
own variable capacitor ganged for single-dial control. 

•Fair Radio Co., Post Office Box 1105, Lima, Ohio 45802 


By William Tucker, W4FXE, 1965 South 
Ocean Drive, 15-G, Hallandale, Florida 33009 
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zig-zag configuration to compress 22 inches (5S.9 cm) 
of coax cavity into a compact package. Note that the 
pickup loops are close to the open end. 


Each cavity is about 20 inches (51 cm) long but com¬ 
pressed into a compact package by using a snake-like 
configuration as shown in fig. 1. The cavities are of 
sturdy copper, and the center conductor is silver 
plated for high conductivity. 

Normally, rf pickup loops are located near the 
shorted high-current end of coaxial type re-entrant 
resonant cavities where the electromagnetic field is 
at a maximum. Note that in this cavity, however, the 
pickup loops are located closer to the open end, evi¬ 
dently to provide looser coupling. This will provide 
greater selectivity at the expense of a higher insertion 
loss, which becomes a little over 2 dB per cavity. 

The three cavities are similar electrically and physi¬ 
cally except that the input and output pickup loops 
LI and L6, (fig. 2) are a little larger than the others. 
Also the coaxial cable connection to each cavity 
varies slightly. 

Receiver and antenna jacks on the front panel are 
made to accommodate a type-C UG-573 connector, 
which is a jumbo type BNC that's not in general use. 
If you wish, an N type or uhf type socket can be used 
in its place by removing the existing socket. Some fil¬ 
ing of the socket flange may be necessary to fit into 
the recessed opening on the front panel. 

The F-237 has an input and output impedance of 
50 ohms and covers 54-70.9 MHz with continuous 
tuning. The bandwidth at the 3-dB points is 250 kHz. 
The attenuation is 40 dB at 4.5 MHz. Insertion loss is 
7 dB at resonance. The complete assembly in its 
cabinet weighs about 16 pounds (7.3 kg) and is ap¬ 
proximately 6x 11x11 inches (15x28x28 cm), 
simple conversion to 
the 6-meter band 

Fortunately, the three air-dielectric trimmers 


C1002-3-4, which are mounted directly on the three- 
gang variable capacitor C1001 A-B-C, fig. 3, have 
sufficient spare capacitance so they can be adjusted 
to cover the 50-54 MHz band. After adjustment, the 
range is 49.5-60 MHz. 

Because of the high selectivity, the following pro¬ 
cedure is suggested. Set the tuning dial at the lowest 
frequency position, 54 MHz, and feed a 53-MHz sig¬ 
nal into the antenna terminal from any convenient 
source, such as a grid-dip meter or signal generator. 
Adjust the three trimmers for maximum output as 
measured at the receiver terminal using an rf meter or 
receiver S-meter. A simple rf meter can be made 
using a germanium diode such as the 1N34 in series 
with a microammeter. 

Repeat the above procedure in small steps until 
49.5 MHz is reached; the trimmers should now be at 
almost maximum capacitance with some to spare for 
final adjustment. If this filter is to be used with a 
receiver only, it can be inserted into the transmission 
line and, with a weak signal around 52 MHz, the filter 
tuning dial can be tuned for maximum output. The 
trimmers can then be repeaked for maximum output. 

If the filter is to be used with a transmitter or trans¬ 
ceiver, an SWR indicator should be used between 
transmitter and filter. The trimmers should be adjust¬ 
ed for minimum SWR at 52 MHz. The tuning dial can 
then be calibrated in any manner you choose, 
lowering the insertion loss 

For general Amateur use, 7 dB is quite a large bite 
to take out of the received or transmitted signal. The 
F-237 filter assembly can be modified to provide less 
insertion loss at the expense of a little selectivity by 
using only one or two of the original cavities instead 
of all three. Even with a single cavity, selectivity is 
adequate for most Amateur applications. 

To lift out the cavity assembly and its ganged 
capacitors in one piece, remove all the screws from 
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fig. 3. Interior of the F-237/GRC-10 cavity. The three 
air-dielectric trimmers have enough capacitance to 
allow coverage of 50-54 MHz. 


the underside and unsolder the two coaxial cable 
leads leading to the front panel. To eliminate a cavity 
section, remove the Phillips-head screw and unsolder 
the ground strap. Unsolder the cavity center conduc¬ 
tor from the variable-capacitor stator plates and the 
cavity will unplug from its adjacent cavity (fig. 4). 

If only one section is to be used, any of the cavities 
will do. If two sections are to be used, then eliminate 
the center cavity and interconnect the remaining two 
with a short length of RG-58/U coaxial cable. This 
arrangement is necessary to ensure proper tracking. 
Adjustment follows the original procedure. 

even less insertion loss 

The insertion loss can be reduced to under 1 dB 
per cavity section by rearranging the cavity so that 
the pickup loops are placed in the high-current end of 
the cavity. This can be done by reversing the cavity 
sections as shown in fig. 5. 

Unsolder the closed end plate at A and resolder it 
to the other end, B. Make certain that very good 
electrical contact is made between the center con¬ 
ductor and the housing at this high current end, B. 
Unsolder the ground strap and relocate as shown. 
Cut a short length of copper or brass rod and insert it 
into the center conductor at A so that it will reach the 
tuning-capacitor stator. Finally, unsolder the mount¬ 
ing bracket and replace it at the other end as shown. 

Reassemble the cavities to the ganged capacitors 


and you now have a bandpass filter with an insertion 
loss of less than 1-dB per cavity section. The selectiv¬ 
ity is still adequate even if you use only one cavity to 
do the job. The adjustment and tuning is as previ¬ 
ously described. 

for use with higher power 

The F-237 bandpass filter is tuned to resonance by 
a three-gang variable capacitor of excellent quality 
with 0.06-inch (1.5-mm) spacing between plates. It 
should withstand power levels in the order of several 
hundred watts. The weak point in the filter is the very 
small air dielectric trimmers, which will probably arc 
over with rf power in excess of 30-40 watts. To over¬ 
come this limitation, the trimmers can be removed 
and replaced with the APC type of trimmer, 20 pF or 
more, and with a plate spacing of at least 0.03 inch 
(0.76 mm). The larger trimmer will also extend the 
low range a few MHz below 49.5 MHz. 
conversion to the 2-meter band 

This conversion can be made from either left-over 
cavities from the 50-54 MHz conversion or from 
another F-237. A length of 22 inches (56 cm) of coax¬ 
ial re-entrant cavity is too long for 144-148 MHz and 
must be shortened to allow for variable capacitance 
loading. 

Fig. 6 shows a convenient method of obtaining a 
workable length, while at the same time placing the 
pickup loops very close to the shorted high-current 
end of the cavity. In addition, the open end is termi¬ 
nated in a handy housing for the variable capacitor. 

As shown in fig. 7, carefully eliminate the shaded 
portion with a sharp hacksaw; this will leave about 11 
inches (28 cm) of cavity for the 2-meter band. File all 
rouugh edges to a flat and smooth finish and tin thor¬ 
oughly at both ends for soldering. Unsolder the 
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fig. 4. Unmodified cavity section detached from 
the F-237/GRC-10 assembly. 
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right-angle portion of the inner conductor as shown. 

The two pickup loops will now be visible and 
accessible from the short open end. Using a screw¬ 
driver, bend the center of each loop toward the hous¬ 
ing away from the center conductor as shown by the 
dotted line in fig. 8. Try to make the loops as sym¬ 
metrical as possible. 

To close up the end near the pickup loops, un¬ 
solder the end plate on the cut-off portion or cut a 
piece of flashing copper to 1-1/2 inch (3.8 cm) diam¬ 
eter with a 1/4-inch (0.6-cm) opening in the center. 



fig. 6. Modified cavity section for the 
2-meter band. A workable length is 
obtained, and pickup loops are close 
to the shorted high-current end of the 
cavity. 


Solder either one securely to ensure good electrical 
contact at this high-current area. 

Select an APC air dielectric trimmer capacitor and 
install in the cubical housing as shown in fig. 9. A 
capacitance of about 25 pF with an air gap spacing of 
at least 0.03-inch (0.76-mm) should fit into the availa¬ 
ble space and provide adequate tuning range. Solder 
the stator plates to a heavy lead and attach to the cen¬ 
ter conductor. The rotor wiper arm should be soldered 
directly to the housing wall. Try to obtain an APC 
trimmer with a standard 1/4-inch (0.6-cm) shaft so 



fig. 7. Shaded portions are removed with a 
hacksaw to leave about 11 inches (28 cm) of 
cavity for the 2-meter band. 
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that a knob can be used instead of the inconvenient 
screwdriver adjustment. 

To test the unit for frequency coverage, attach a 
3/4-inch (1.9-cm) loop to either coaxial terminal and 
couple a grid-dip meter to it. A sharp dip will indicate 
resonance, which should occur about midrange with 
plenty of spare capacitance on either side of reso¬ 
nance. The open end of the cavity can then be closed 
with flashing copper or left open as you wish. 

conversion to 220-225 MHz 

This modification is identical to the 144-148-MHz 
conversion except for the tuning capacitor. At this 
frequency, even the minimum capacitance of the 
APC trimmer is too high; therefore, a simple very low 
capacitance trimmer can be built using two copper 
pennies. Solder one penny to the inner conductor 
and the other to a brass machine screw as shown in 
fig. 10. Solder a brass hex nut to the outside of the 
housing and use a second hex nut to lock in the fre¬ 
quency adjustment. A grid-dip meter can be used to 
check the frequency range, which should be 
between approximately 180-240 MHz. 
an experimenter's delight 

The several conversions discussed in this article 
are just a small sampling of what can be done with 
the F-237. One assembly will supply three cavities; 
one for each band, or all three for one band. 

For those who wish to experiment, a length of 
cavity somewhat shorter than the 11 inches (28 cm) 



used for the 144-MHz band can be used with a 50-pF 
air trimmer to provide coverage of both the 144- and 
220-MHz bands with one cavity. Also, by using a 
shorter length of about 3-5 inches (7.6-12.7 cm), this 
cavity section can be made to resonate in the 440- 
MHzband. 

The size of the pickup loops, which serve an 
important role in impedance matching and determin¬ 
ing cavity selectivity, can be changed by unsoldering 
the elongated mounting strip for easy access. Also, 
for convenient cable connection, small sockets such 
as the BNC, F, or RCA type can be used as they are 
small enough to be mounted into the strip. 

Another suggestion: You can attach three modi¬ 
fied cavities, each for a different band, to the stators 
of the three-gang tuning capacitor. Separate sets of 
coaxial cables can be run to sets of separate termi¬ 



nals on the front panel, or a three-position switch can 
be used to select the cavity to be used. .Depending 
on the length of each cavity, the individual capacitor 
sections can be used to tune the desired band. If the 
capacitance is too high, rotor plates can be easily 
removed to lower capacitance to fit the application. 
The main tuning dial can be calibrated with three 
separate scales, as required. 

summary 

With 66 inches (167.6 cm) of good-quality coaxial 
cavity available, a three-gang variable capacitor, 
three shielded miniature air dielectric trimmers, a pre¬ 
cision tuning assembly, and a sturdy metal cabinet, 
vhf and uhf experimenters can really have a field day 
with the F-237/GRC-10. 
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TR7 


ACCESSORIES 


Model 1336 Drake TR7 General Coverage Digital R/O Transceiver 

Model 1338 Drake RV7 Remote VFO 

Model 1502 Drake PS7 120/240V Ac Supply for continuous duty 
operation (25 amps) 

Model 1570 Drake PS75 120/240V Ac supply for intermittent duty 
(15 amps continuous, 25 amps intermittent) 

Model 1553 Drake SP75 Speech Processor 

Model 1230 Drake LA7 Line Amplifier 

Model 1533 Drake CS7 Coax Switch 

Model 7077 Drake Desk Microphone 

Model 1520 Drake P75 Phone Patch 

Model 1536 Drake Aux7 Range Program Board ** 

Model 1531 Drake MS7 Matching Speaker 

Model 1537 Drake NB7 Noise Blanker 

Model 1529 Drake FA7 Fan 

Model 7021 Drake SL-300 Cw Filter, 300 Hz 

Model 7022 Drake SL-500 Cw Filter, 500 Hz 

Model 7023 Drake SL-1800 Ssb/RTTY Filter, 1.8 kHz 

Model 7024 Drake SL-6000 A-m Filter, 6.0 kHz 

Model 1335 Drake MMK-7 Mobile Mounting Kit 

Model 7037 Drake TR7 Service Kit/Extender Board Set 

Model 385-0004 Drake TR7 Service/Schematic Book 


TR7 SPECIFICATIONS 


GENERAL 

Receive 

Without Aux7 1.5 to 30 MHz, continuous, no gaps. 

With Aux7 Same, plus 0 to 1.5 MHz at reduced 

performance. 

Transmit 

Without Aux7 1.8-2.0, 3.5-4.0, 7.0-7.5, 14.0- 

14.5, 21.0-21.5, 28.0-30.0 MHz. 

With Aux7* Above ranges, plus any eight 500 

kHz segments from 1.8 to 30 MHz. 

Modes of Operation Usb, Lsb, Cw, RTTY, A-m equiv. 
(A-3H). 

Frequency Stability Less than 1 kHz firsl hour. Less 
than 150 Hz per hour after 1 hour 
warm up. Less than 100 Hz for 
x 10% line voltage change. 

Frequency Readout Accuracy 

Analog Better than ± 1 kHz when calibrated 

at the nearest marker point. 

Digital ' 15 ppm ± 100 Hz. 

External Counter Mode 

Maximum Input Freq. 150 MHz. 

input Level Range 50 mV to 2 V, rms. 

Power Supply Requirements 

11-16 V-dc (13.6 V-dc nominal), 3A 
receive, 25A transmit. 

Dimensions 

Depth 12.5 in. (31.75 cm), excluding knobs 

and connectors. 

Width 13.6 in. (34.6 cm). 

Height 4.6 in. (11.6 cm) excluding feet. 

Weight 17.1 lb. (7.75 kg). 

RECEIVER 

Sensitivity 

Ssb, Cw Less than 0.5 |iV for 10 dB (S+N)/N. 

A-m (30% Mod.) Less than 2.0 yV for 10 dB (S+N)/N. 

Selectivity 2.3 kHz at - 6 dB and 4.4 kHz at 

-60 dB (1.8:1 shape factor). 


Ultimate Selectivity Greater than 100 dB. 

Age Less than 4 dB output variation 

for 100 dB input signal change, 
referenced to age threshold. 

Intermodulation Intercept Point, +20 dBm. 

Two-tone Dynamic Range, 99 dB (at 
spacings of 100 kHz and greater). 

M Frequency First i-f—48.05 MHz. 

Second i-f—5.645 MHz. 

Image and I-f Rejection Greater than 80 dB. 

Spurious Response Greater than 60 dB down. 

Internally Generated Spurious Less than 1 pV equivalent, except 
3 pV equivalent from 5 to 6 MHz 
(reduced specs on internal osc 
frequencies). 

Audio Output 2.0 watts & less than 10% THD 

(4 ohm load). 

TRANSMITTER 

Power Input (Nominal) 

Ssb 250 watts PER 

Cw 250 watts. 

A-m equiv. 80 watts (carrier), plus upper 

sideband. 

Load Impedance 50 ohms, nominal. 

Spurious Output Greater than 50 dB down. 

Harmonic Output Greater than 45 dB down. 

Intermodulation Distortion 30 dB below PEP (24 dB below 
one of two tones). 

Undesired Sideband Suppression 

Greater than 60 dB @ 1 kHz. 

Duty Cycle 

Ssb, Cw 100%. 

Tune, SSTV, RTTY, A-m w/o 1529 FA7 Fan—33%, 5 min. 

transmit, max. 

with 1529 FA7 Fan—100%. 

Wattmeter Accuracy *5% # 100 watts (50 ohm load). 

Carrier Suppression Greater than 50 dB. 

Microphone Input High Impedance. 


Specifications, availability anc 

R.L. DRAKE COMPANY 
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Yagi antennas: 


practical designs 

Last in the 
Yagi design series, 
with emphasis on 
scaling and element taper 

In all the previous articles of this series the specifi¬ 
cations for a Yagi antenna have been stated only in 
terms of strictly cylindrical elements. Each element is 
characterized by an * coordinate or position along 
the boom, a physical length, LE, and a radius RO ; 
each of these three quantities is expressed in terms 
of wavelengths, X, at a central design frequency. 
Such specifications have led to a number of rather 
good antenna designs, and I shall shortly list a brief 
selection of such designs. However, when a real Yagi 


antenna is constructed it will rarely ever be conven¬ 
ient to adhere rigorously to the given cylindrical ele¬ 
ment design. To start, the element diameter is usual¬ 
ly adjusted to fit a mechanical requirement (wind 
loading, etc.); moreover, the element itself is usually 
not a cylinder, but a series of telescoping tubes start¬ 
ing with a large-diameter section at the boom and 
tapering to a small-diameter section at the outer end 
of the element. In addition, the element is fastened 
to the boom with a clamping arrangement that may 
be a plate or angle bracket U-bolted to both boom 
and element. Some mechanical designs even put the 
element directly through the boom. Thus, the path 
from the cylindrical design to a practical antenna will 
involve three tasks: scaling the original design to an 
equivalent new design using a different (average) ele¬ 
ment radius, computing the potentially significant 
change in element length as a result of the chosen 
(telescoping) taper schedule, and making (usually 
minor) corrections to allow for the boom clamping 
system. Methods for carrying out each of these three 
tasks will be given following the next section on pre¬ 
ferred antenna designs. 


By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 
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preferred antenna designs 

In this section I shall discuss one preferred design 
for a two-, three-, four-, five- or six-element Yagi an¬ 
tenna. Recall that simplistic Yagis 4 (element spacing 
uniform and all directors having a common length) 
are as good as any other design up to a boom length 
of one wavelength. It was shown that a good two-el¬ 
ement beam would have a boom length of about 
0.15X; the exact length is not critical and is a com¬ 
promise between better gain and lower efficiency 
and bandwidth. Best parasite element length is a 
compromise between better forward gain and lower 
F/B ratio. For a three-element beam it was shown 
that a boom length of about one-quarter wavelength 
produces a naturally high F/B and similarly for four-, 
five-, and six-element beams a boom length of about 
3/4 wavelength gives a naturally good F/B ratio. 

Table 1 shows the characteristics of these good 
Yagi designs. These particular antenna designs are 
not unique; for example, the boom length can be 
varied somewhat. Longer booms, in general, give 
larger forward gain, but the frequency for highest 
F/B ratio drops somewhat below the center of the 
band, where gain remains high. 

A procedure has also been described that allows 
fine tuning or optimization to improve the F/B ratio; 5 


this optimization procedure can be done for Yagi an¬ 
tennas having four or more elements. Optimization 
must be done for a specific end use. Table 2 shows 
optimized six-element beams first for free-space use, 
next for operation at 1. OX over ground, and finally for 
operation in a two-Yagi stack at heights of 0.60X and 
1.5\. These parameters are mathematically correct. 
But note that approximations used in the model real¬ 
ly do not justify complete confidence in the precise 
values in table 2. Nevertheless, I suspect that practi¬ 
cal antennas constructed from this table (for use over 
ground) will exhibit superior properties to the (free- 
space) 6-element case shown in table 1. 

scaling 

Any of the Yagi antenna designs, such as those in 
table 1, can be scaled either to other center frequen¬ 
cies or to elements of different diameter at the same 
center frequency. Because all design parameters in¬ 
clude dimensions expressed in wavelengths at a cen¬ 
tral design frequency, the design itself is independent 
of frequency scaling; therefore, the behavior of the 
antenna will not be affected by the choice of central 
design frequency. However, this is true only if the 
design is truly unchanged; that is, all physical dimen¬ 
sions (including element radii) are adjusted propor¬ 
tional to the desired wavelength. 


table 1. Preferred Yagi antenna designs. All elements with radius, RO, of 0 0005260 (\ g ), length, LE. in (k 0 ), and boom posi¬ 
tion, X. in (k 0 ). 


element 

X LE 

X LE 

X 

LE 

X LE 

X 

LE 

R 

0.000 0.49366 

0.000 0.49801 

0.000 

0.49185 

0.0000 0.49994 

0.000 

0.49528 

DR 

0.150 0.47050 

0.150 0.48963 

0.250 

0.47900 

0.1875 0.48040 

0.150 

0.48028 

D1 


0.300 0.46900 

0.500 

0.46319 

0.3750 0.45232 

0.300 

0.44811 

D2 



0.750 

0.46319 

0.5625 0.45232 

0.450 

0.44811 

D3 





0.7500 0.45232 

0.600 

0.44811 

D4 






0.750 

0.44811 

number 

elements 

2 

3 


4 

5 


6 

gain (dBi) 

6.88 

7.86 

10.62 

10.45 

10.70 

F/B (dB) 

7.94 

23.60 

4 

1.62 

32.27 

52.71 

table 2. Optimized 6-element Yagi antenna. RO is 0.0005260 (K 0 ). LE in (k 0 ). and X in (K 0 ). 



hh 





C 

element 

X 

LE 


X LE 


X 


R 

0.0000 

049528 


0.0000 0.49528 


0.0000 


DR 

0.1500 

0.48071 


0.1500 0.48028 


0.1500 


D1 

0.2992 

0.448,11 


0.3039 0.44811 


0.3029 


02 

0.4500 

0.44811 


0,4500 0.44811 


0.4500 

lllr ID 

D3 

0.6000 

0.44811 


0,5959 0.44811 


0.6395 


D4 

0.7500 

0.44811 


0.7500 0.44811 


0.7500 



A. Optimized in free space. 

B. Optimized at I.O \ 0 over ground. 

C. Optimized in a stack/ground at 0.6X4 and / 5\q. 
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Experience has shown that desired element radii 
expressed in wavelengths is not constant; at low fre¬ 
quencies (long wavelengths) relatively thin elements 
are used, while at high frequencies relatively fat ele¬ 
ments are normal. How, then, can a given design be 
altered to an equivalent design where element radii 
are changed? The clue is to make the impedance of 
the changed, or scaled, element exactly the same as 
the impedance of the original unsealed element at 
the central design frequency; in this way exactly the 
same element currents will flow, resulting in the 
same detailed antenna performance. Because the 
(radiation) resistance of the element is essentially un¬ 
changed, we need only to make the reactance invari¬ 
ant to scaling-element radius. 

Recall 2 that element reactance, X, near resonance 
can be expressed as: 

X = RQfF/FR-FR/F) (1) 

where R = the (radiation) resistance 
Q = the effective Q 

F. = the frequency referred to central design 
frequency 

FR = the element resonant frequency, also 
referred to central design frequency. 

Recall also that RQ can be (rather accurately) em¬ 
pirically expressed as: 

RQ= (215.15 log K-160) (2) 

where K = 1/RO 

RO = the radius of the element expressed in 
wavelengths at F. = 1, the central 
design frequency. 

From eqs. 1 and 2: 

X = (215.15 log K- 160) (F/FR - FR/F) (3) 
and at the central design frequency (F = 1): 

X( F = !) = (215.15 log K-160) (1/FR-FR) (4) 

Thus, if we wish to scale the element radius from an 
original value to a new value, we must ensure that 
X( F - i) is unchanged. Note that X( F = i) contains 


two variables, (K and FR), which are a function of el¬ 
ement radius RO. Recall 2 FR is calculated from the 
physical length of element LE and physical resonant 
length LER; both of these lengths are measured in 
wavelengths, X 0 , at F. = 1 : 

FR = LER/LE (5) 

Empirically, 2 

LER = [1- (10.7575 log K-8)~ t)/2 (6) 

Thus, from eqs. 5 and 6: 

FR = [1- (10.7575 log K- 8)~ J)/(2LE) (7) 

We now have the tools to convert a given antenna, 
such as one in table 1, to a new (scaled) antenna 
where the element radii are changed; the new scaled 
antenna will perform exactly in the same way as the 
original antenna at the central design frequency 
(F = 1). However, the frequency-swept behavior of 
the (scaled) antenna, while qualitatively similar to the 
original, will show a broader or narrower bandwidth, 
depending on the change in element Q(see eq. 2). 

The procedure is simple. For any given original ele¬ 
ment (subscript 1) we are given LEj and RO t . The 
new (scaled) (subscript 2) radius is designated as 
R0 2 . Compute the new (scaled) element length, 
LE 2 : 

K1 = lFRO] ; K 2 = lfR0 2 (8) 
FR! = [1-(10.7575 log K,-8 )~ 1 V(2LEi) (9) 
X, = (215.15 log Ki- 160) (1 /FRj-FRj) (10) 
Having calculated reactance (at F. = 1), compute the 
value of FR 2 that will give the same value of X with 
the new element radius, R0 2 : 

X 2 = X; 

(1/FR 2 — FRrf = Xj/(215.15 log K 2 — 160) = A (11) 
FR 2 = [~A+(A2 + 4)i'2]/2 (12) 

LE 2 = [f- (10.7575 log K 2 - 8)~ 1 ]/(2FR 2 ) (13) 

It is simple and convenient to set up the entire proce¬ 
dure (eqs. 8-13) on a small programmable calculator. 

An example illustrates the results. Consider the an¬ 
tenna design for the six-element antenna in table 1; 


table 3. Six-element Yagi; element length, LE (Xq). 




reflector 



driver 

director 



i 

2 


1 

2 3 

1 2 3 


LE O'o) 

0.49528 

0.49489 

0.49465 

0.48028 

0.47876 0.47785 

0.44811 0.44431 

0.44204 

FR 

0.97252 

0.97042 

0.96917 

1.00289 

1.00311 1.00325 

1.07489 1.08090 

1.08451 

X (ohms) 

30.40800 

30.40800 

30.40800 

-3.14700 

-3.14700 - 3.14700 

-78.58200 78.85200 

- 78.85200 

Note: 

Column 1 R 0 = 

= 0.0005260 (K 0 ). 

from table 







Column 2 R„ = 0.0008 (K„) 
Column 3 R 0 = 0.0010 (k 0 ) 
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this would be a reasonable design fora 14.2-MHz an¬ 
tenna where \ 0 = 69.3 feet (21,13 meters) and 
where an RO of 0.0003260 (X 0 ) would correspond to 
an element physical diameter of 0.875 inch (2.22 cm). 
This would be a reasonable dimension for a mechan¬ 
ically adequate element. Now, suppose that we 
would like an equivalent antenna for 28 MHz, where 
RO probably should be increased. The results of 
eqs. 8-13 are shown in table 3. Note that the (scaled) 
changed values for LE are not wholly intuitive, be¬ 
cause two things happen simultaneously. As RO in¬ 
creases the d decreases, requiring a greater spread 
in resonant frequencies of reflector and director; 
however, at the same time, the resonant physical 
length, LER, also changes. Note that, if one scales 
the actual physical dimensions of boom length up by 
a factor, S (from, say, a smaller high-frequency an¬ 
tenna model), and the element radius dimension is 
not also scaled up equivalently, it is wrong, concep¬ 
tually, to scale element length by the same factor S. 
Moreover, it is also wrong, in this case, to scale 
down element resonant frequency by the same fac¬ 
tor, 5. The only correct way to scale an antenna ele¬ 
ment is to design it (length and radius) to give the 
same electrical reactance. 

element taper corrections 

To this point, antenna designs and all antenna cal¬ 
culations have been made for strictly cylindrical ele¬ 
ments, and the results will apply directly to most 
high-frequency (small) Yagi antennas where the gen¬ 
eral practice is to use cylindrical elements. However, 
for frequencies less than about 30 MHz, mechanical 
considerations usually require that the elements con¬ 
sist of one or more telescoping sections of tubing. At 
the lower frequencies (say <7 MHz), the Yagi anten¬ 
na becomes gigantic, and it is no small mechanical 
engineering task to construct even a good element. 
Small diameters favor smaller wind forces, but these 
diameters are insufficiently rugged for long elements. 
It is, therefore, a practice to make these large ele¬ 
ments of several telescoping sections. The largest- 
diameter section is clamped to the boom, and suc¬ 
ceeding monotonically smaller-diameter sections 
make up the outer portions of the element. The re¬ 
sulting element taper can introduce a significant 
change in the required element length. 

It's important to understand how to relate the ac¬ 
tual detailed taper schedule of an element (diameters 
and lengths of all sections) to the equivalent length 
of a cylindrical (untapered) element having the same 
average or mean diameter. Equivalence is intended 
to mean that the resonant frequency and the Q. are 
the same for the actual tapered element as for the 
equivalent cylinder. 


To start, I shall introduce the concepts of element 
pipe inductance and pipe capacitance. Consider a 
cylindrical element of length s and radius RO as 
shown in fig. 1. A length coordinate, x, is defined 
with the origin at the center of the element and a re¬ 
lated (angle) coordinate, 0, where 0 = wx/s. Note 
that electrical excitation of this element in the neigh¬ 
borhood of the resonant frequency,/, will produce a 
current and voltage distribution: 

l e = I 0 sin (2irft) cos (9) (14) 

and 

V$ = Vo cos (2irft) cos (0) (IS) 

The electrical driving-point impedance of the element 
consists of a resistance (which is directly related to 
far-field energy radiation) and, of course, a re¬ 
actance. 

All reactance effects, including resonant frequen¬ 
cy and electrical Q, are caused by near-field (non-ra¬ 
diating) energy storage. Energy storage occurs in 
two ways: the magnetic flux surrounding the current 
distribution in eq. 14 and the electrical field produced 
by the voltage distribution in eq. IS. Note that at cer¬ 
tain instantaneous times (< = n/2f), the current 
everywhere is zero, and all stored energy resides in 
the electrical field. Similarly, at certain other times 
(f = n/2f+l/4f) the electric field vanishes, and all 
stored energy resides in magnetic flux. 

As time progresses the (constant) total stored en¬ 
ergy transfers back and forth between magnetic and 
electrostatic fields. This transfer or exchange fre¬ 
quency is, of course, the element resonant frequen¬ 
cy. As a result of this complete nonradiative energy 
transfer, the peak or maximum magnetic stored 
energy must exactly equal the peak electrostatic 
stored energy. Note also that the resonant or natural 
exchange frequency must decrease as the total 
stored energy is increased. 

Now, consider the effect of inserting an infinitesi¬ 
mal length of pipe (of the same radius, RO) into the 
element of fig. 1 at the center (x = 0.) The original 



1 

fig. 1. Coordinates of a sing 
length, X is coordinate of 
(boom), and 0 is correspom 

lie Yagi element. S= overall 
length with zero at center 
ling angle (9 = r -S/X). 
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(subscript 1) element driving-point reactance, 2 X, 
was shown to be: 

X = (430.30 log K- 320) (F/FR, -1) (16) 

where K = \/RO 

At the (original) resonant frequency, FRj, the reac¬ 
tance vanishes; inserting an additional infinitesimal 
length of pipe, As, at X = 0 will change the resonant 
frequency to FR 2 . At this new frequency the total re¬ 
actance again vanishes. The added reactance due to 
the inserted pipe must be balanced by the original 
pipe reactance at the new frequency: 

0 = (430.30 log K-320)(FR 2 /FR, - l) + 2rfAL (17) 
where / = actual (resonant) frequency 

A L = increased inductance due to As. 

The inserted pipe at * = 0 can produce only inductive 
effects (stored magnetic flux) since the electrical po¬ 
tential is strictly zero. Now, FR 2 is clearly related to 
FRj by the overall length(s) of the element: 

FRz/F.j = s/(s + As) (18) 

from which 

AL/As = (430.30 log K - 320) / (S2*f) 

and 

AL/As = (430.30 log K - 320)/(re) (19) 

where c is the velocity of light. 

Thus, the addition of the small infinitesimal pipe sec¬ 
tion causes the element to behave just as though a 
pure series inductance were added. The effective in¬ 
ductance per unit length, which I designate by IND, is 
given by eq. 19 and is easily expressed in conven¬ 
tional units as: 

IND = (43.03 log K- 32)(1.061 x 10-8) (20) 
henries/meter 

From the simple model of a resonant circuit it is easy 
to relate the magnitude of voltage on the reactive 
components to magnitude of input current by: 


\Vo\ = \lo(RQ)\ 

(21) 

RQ = (215.15 log K-160) 

(22) 


Now, consider extending the element in fig. 1 by 
length As (of the same radius, RO) at its outer end 
(at = s/2). Here the current is zero so the small pipe 
increases only the electrostatic energy (capacitive ef¬ 
fect). Since in this case eq. 13 is still valid, the total 
increase in stored energy should be just the same as 
it was for insertion at x = 0. Therefore: 

AL(I z )/2 = AC(V 2 )/2 (23) 


where AC = the capacitance increase due to As at 
the element end. 

A L = the increase in inductance due to As 
at the element center. 

Fromeqs.21 and 23: 

AC = A L/(RQ) 2 (24) 

Using eqs. 22,24, and 19: 

As/AC = (43.03 log K~ 32)(25vc/10) (25) 

or in conventional units 

As/AC = 1/CAP (26) 

= (43.03 log K - 32)(2.336 x 10 9 ) meters/farad 
wh ere CAP = the capacitance per unit length. 

Note that 1/CAP is directly related to IND, differing 
only in a constant multiplier. 

Thus, we now can think of a cylindrical section of 
element pipe as contributing to element inductance 
(eq. 20) and element capacitance (eq. 26). Each con¬ 
tribution is a function of K(k/RO), and therefore RO, 
and each will depend on the current or voltage on the 
pipe section. 

Let us now see what happens if a small section of 
pipe of length AB/2 is first removed at a position x 
(or corresponding 6) and for symmetry also at - x or 
-0 from the element shown in fig. 1. Now replace 
these removed sections with equal length sections 
(AB/2) of larger radius RO. The overall length of the 
element remains s, but cylindrical "bumps" occur at 
X and - X. As a result of these bumps the stored en¬ 
ergy of the system is changed and therefore the reso¬ 
nant frequency is changed. Designate the value of K 
for the original pipe as Kj and for the short bumps as 
K 2 . The contribution of the bump(s) to stored ener¬ 
gy, W 2 , will be 

2W Z = AB [IND 2 (1 2 cos 2 0) + CAP 2 (V 2 sin 2 0)] (27) 

The relationship of V at the end of the element to I at 
x = 0 is essentially unchanged from the original ele¬ 
ment, that is, CAPjV 2 = INDjl 2 (see eq. 23). Note 
also that (eqs. 19 and 25): 

CAP 2 /CAP, = IND2/IND 2 (28) 

so that eq. 27 can be rewritten as 

2W 2 = AB [IND 2 (I 2 cos 2 6) 

+ (IND 2 1 /IND 2 )(I 2 sin 2 0)} (29) 

Let us now find an equivalent length, A A/2, of the 
original pipe which, when placed at the same posi¬ 
tions as each of the bumps, contributes an equal 
stored energy. 

2W, = AA [IND]I 2 (cos 2 6 + stn 2 $)\ 

= AAINDjI 2 = 2W 2 (30) 
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so that 


AA/AB = (IND 2 /IND 1 )cos 2 0 

+ (IND i / IND^sin 2 0 (31) 

Now, for a longer section (longer bump) going from 
6] to d 2 , the equivalent length of the original pipe can 
be easily calculated. Designate IND 2 /IND 1 = m, 
the length of the long bump as S B , and the length of 
the original pipe, which gives equivalent stored 
energy, asS^. 

S A /S B = ™ cos 2 8 + (1/m) sm 2 6 (32) 

The angular functions are to be averaged over the 
complete bump section. Eq. 32 is easily integrated 
and averaged; the result is 

S A /S B = (m + ^)/2 + (m - £)F(6)/2 (33) 

where 

F(9) = (sin 20 2 - sin 290/(292 ~ 26,) (34) 

with 0 measured in radians. 

We can now compute from a given element taper 
schedule (involving several sections with different 
pipe diameters) the equivalent lengths of sections of 
"standard" cylindrical pipe. The procedure is to first 
choose the "standard" cylinder that is expected to 
provide equivalent Q. This is, of course, the pipe size 
at the center of each half element; that is, the aver¬ 
age or mean pipe size. Next, for each section of the 
tapered element, compute the starting 0j and ending 
0 2 . For each section compute m; it is easily derived 
from eq. 20, or 

m = (43.03 log K 2 - 32)/(43.03 log Kj - 32) (35) 

From eqs. 35 and 33 compute S A /S B , which, multi¬ 
plied by the (tapered) section physical length, gives 
the equivalent section length of the standard pipe. 
Adding the lengths of all equivalent sections gives 
the overall length of the standard cylindrical element 
that should perform essentially the same as the 
chosen taper schedule. 

Perhaps an example will illustrate the procedure. 
Fig. 2 shows schematically a half element with five 



fig. 2. Diagram of a tapered half-element example. 


different sections whose physical diameters range 
from 1.250 inches (3.25 cm) at the boom (x = 0) to 
0.500 inch (1.3 cm) at the outer end. Readers will 
recognize this taper schedule as one in common use 
(by Wilson) for a 14-MHz Yagi reflector antenna ele¬ 
ment. The middle pipe section, 7/8 inch (2.2 cm) in 
diameter, will represent the "standard" pipe. At a 
frequency of 14.2 MHz, X# = 831.76 inches (21.13 
meters), RO = 0.0005260, and Kj = 1901.17. 
Table 4 illustrates how to calculate the equivalent 
cylinder section lengths. For each section column 2 
shows the actual physical length, S B , column 3 
shows pipe diameter, column 4 the K value, column 
5 the value of m computed from eq. 35, column 6 
values of 0j, column 7 values of 0 2 , column 8 values 
of F(6) computed from eq. 33, and column 9 equiva¬ 
lent section lengths, S^, also computed by eq. 33. 
Note that the overall actual length of the tapered half 
element is 215 inches (5.46 meters), whereas the 
overall length of the equivalent cylindrical standard 
7/8 inch (2.2 cm) pipe is only 206.54 inches (5.25 
meters). In other words, just due to the taper sched¬ 
ule alone the total (full length) tapered element must 
be made 16.9 inches (42.9 cm) longer than an equiva¬ 
lent cylinderl This taper correction is surprisingly 
large; it shows clearly that element length alone is a 
totally inadequate specification. 

The physical reason why the tapered element must 
be longer than an equivalent cylinder is that the inner 
(larger) sections have smaller inductance than a stan¬ 
dard cylinder and therefore must be made longer; 
similarly, the outer (smaller) sections have smaller ca¬ 
pacitance than the standard cylinder and must also 
be made longer. The taper correction will be quite 


table 4. Equivalent length computations for element in fig. 2. 


section (inches) (inches) 

1 36 1.250 

2 50 1.125 

3 44 0.875 

4 32 0.625 

5 J3 0.500 

215 


9, 

K m degrees 

1330.82 0.93890 0.000 

1478.68 0.95695 15.070 

1901.17 1.00000 36.000 

2661.63 1.05764 54.419 

3327.04 1.09586 67.814 


e 2 s A 

degrees F(9) (inches) 

15.070 0.95452 33.904 

36.000 0.61449 48.696 

54.419 - 0.00718 44.000 

67.814 - 0.52851 31.102 

90.000 - 0.90300 48.835 

206.537 
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small if the taper is small, but quite significant if the 
taper is large. 

In the derivation of taper correction calculations, I 
have assumed that radial "bumps" are treated as 
small perturbations on the strictly cylindrical case 
and that the current and voltage distributions are 
sinusoidal. Note that K values for the heavily tapered 
element of fig. 2 differ from unity by only a few per 
cent; thus tthe calculation, even though made by a 
perturbation method, should be reasonably good. 
Moreover, the current distribution should still be rea¬ 
sonably sinusoidal over the tapered element. Never¬ 
theless there may be some small inaccuracies in the 
overall calculation. It is important to note, however, 
that we are after a length correction of only a few per 
cent due to taper, and therefore some inaccuracy in 
the computation of the (small) correction is tolerable. 

One further point merits elaboration. The proce¬ 
dure just outlined allows only a computation of cylin¬ 
der equivalents from a given taper schedule; how 
may we compute a suitable taper schedule starting 
from a given cylinder? I have found that the simplest 
procedure is to initially specify all of the taper sched¬ 
ules from mechanical considerations, leaving as a 
variable only the length of the outermost section. 
Choose a guessed or estimated length for this sec¬ 
tion and compute the overall equivalent cylinder. It 
will generally miss the desired length by a differential 
length, A. One can now readjust the length of the 
outermost section by - Am and recalculate. One or 
two such iterations will bring the tapered element 
equivalent cylinder length into adequate agreement 
with the desired figure. 

boom clamping correction 

I now come to the subject of the boom-to-element 
mechanical clamping system and its effect on the 
element reactance and, hence, resonance. It is clear 
that a wide range of clamping systems are in com¬ 
mon use; it is virtually impossible to make valid calcu¬ 
lations for all varieties. Nevertheless there are two 
major kinds and it is helpful to understand them. 

The first clamping system is simply to put the ele¬ 
ment directly through the (round) boom. In this con¬ 
struction a length of element equal to the complete 
boom diameter is replaced with the boom itself. 
Since this replacement occurs at a voltage node, we 
must determine the effective inductance of the re¬ 
placement; once this is done it can be considered the 
first section of a tapered element from which an 
equivalent cylinder length can be calculated. I have 
not attempted a rigorous calculation of (boom) in¬ 
ductance; instead, I refer to the measurements of 
Viesbicke 9 in which his fig. 10 shows that element 
length due to the presence of a (round) boom should 


be increased by about 0.7 the diameter of the boom. 
This is tantamount to saying that the inductance of 
the boom section of the element is very low com¬ 
pared with normal element inductance; physically 
this is an expected result. The low inductance, of 
course, is due to the blockage of magnetic flux by 
the boom. 

The second clamping system is much more widely 
used since it permits easier element maintenance and 
replacement. In this sytem either a flat, metal, rec¬ 
tangular plate or an angle bracket is interposed be¬ 
tween element and boom; two U-bolts fasten the 
boom to plate or bracket and two more U-bolts 
fasten the element to plate or bracket. The U-bolts 
may also use saddles or cradles, which are mechan¬ 
ically better and which further tend to separate boom 
and element. For this clamping system we wish to 
know the inductive effect of the boom itself and 
more importantly the inductive effect of the plate or 
bracket. I have found experimentally that for this 
clamping system the boom itself has remarkably little 
effect. Even though the (round) boom and (round) 
element are in physical contact, the element length 
should be increased by only 6 per cent of the boom 
diameter; this small correction rapidly disappears as 
the element is spaced away from the boom (even by 
a small amount). The reason this result is so different 
from the through-the-boom result is the relative ease 
with which the magnetic flux (which results from ele¬ 
ment current flow) can squeeze between boom and 
element, especially if there is any gap between them. 

The correction in length due to the mounting plate 
or bracket is readily calculable. The method is to first 
calculate the equivalent radius of the element plus 
bracket (which produces the same inductance) and 
second to use this equivalent radius as the first 
(short) section of a taper design. The theory for 
equivalent radii of single and multiple parallel con¬ 
ductors is given by Mushiake and Uda. 10 In their 
notation the equivalent radius, f e , of a flat thin plate 
of total width, a, is simply: 

f e = a/4 (36) 

and that for a right-angled bracket of width a and b is 
given by a rather complicated expression, which 
depends only slowly on the ratio b/a. For ratios be¬ 
tween 0.3 and 1.0 a good approximation (error <5 
percent) is: 

f e £ 0.2(a + b) (37) 

Mushiake and Uda show that for two parallel con¬ 
ductors, it is possible to calculate the equivalent ra¬ 
dius of the combination. If aj and 02 are the lengths 
of the peripheries of the cross sections, and a 2 the 
equivalent radii of the two conductors, d m the mean 
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distance between them, and the equivalent radius 
of the combination of both conductors,then 

log f, = (a] log£, + a 2 2 logt 2 
+ 2aja2log dnJ/faj + az) 2 (38) 

Eqs. 36 and 38 permit a calculation of the equivalent 
radius of an element which is proximate to a plate; 
similarly, eqs. 37 and 38 provide a way of calculating 
the equivalent radius of an element proximate to an 
angle bracket. To check this method of calculation, I 
have determined the experimental detuning effect of 
a plate just touching a 1 inch (2.54 cm) diameter ele¬ 
ment resonant at 46 MHz. Table 5 shows both theo¬ 
retical and experimental results for two different 
plates. These experiments were not particularly ac¬ 
curate because the resonant frequency is difficult to 
measure accurately; nevertheless the agreement of 
theory and experiment within estimated experimental 
accuracy is gratifying. 

Note that element length corrections due to a prox¬ 
imate mounting plate or bracket can easily be as 
much as 10 percent of plate length. These correc¬ 
tions are not especially large in practice, but should 
be made wherever there is a relatively large boom-to- 
element clamping system. 

scaling and taper example 

It may be helpful to show how to specify a good 
three-element beam starting with the cylindrical de¬ 
sign in table 1. I shall go through necessary scaling, 
then taper schedule calculations for element 
length(s), and finally apply reasonable boom clamp¬ 
ing and boom corrections; this procedure is used to 
specify a 14.2-MHz beam, a 21.3-MHz beam and a 
28.5-MHz beam. 

First I choose an average cylinder size that is suffi¬ 
ciently strong. I shall assume that the final element is 
made of aluminum tubing such as 6061-T6 with 
seamless 0.059 inch (1.5 mm) wall thickness. For all 
three bands I choose a cylinder size of 0.875 inch (2.2 
cm) OD, although for 28.5 MHz a slightly smaller size 
is probably permissible. Second, I choose a conven¬ 
ient taper schedule which is easily made from stan- 


table 5. Increase in resonant frequency due to a proxi¬ 
mate plate. Element radius is 0.50 inch (1.3 cm) and 
length produces resonance at 46 MHz. 


plate change in 

dimensions resonant frequency 

length width per cent per cent 
plate (inches) (inches) theory expected 

1 4! 3.625 0.304 0.325 ±0.1 

2 6.0 4.000 0.530 0.521 ±0.1 


dard 12-foot (3.7-meter) lengths, leaving the length 
of the outermost section to be adjusted for correct 
overall length. The sections of seamless tubing (ex¬ 
cept the last section) are slit back about 3 inches (7.6 
cm) at the outer ends (I use one slit only), and a com¬ 
mon stainless steel hose clamp fastens sections 
together. Tubing overlap of about 8 inches (20 cm) 
gives good joint strength. For 14.2 MHz, the second 
section is a full 12-foot (3.7-meter) section, over 
which is slid the shorter first section; this procedure 
gives added (central) strength and improves the ease 
of clamping with U-bolts and saddles. For 21.3 and 
28.5 MHz this extra inner section is unnecessary. 

Table 6 shows the specifications for these tapered 
half elements where xj and x^ represent the start (in¬ 
ner) and end (outer) positions (in inches) of each sec¬ 
tion. Note that the tubing requirements for all three 
elements are shown in 12-foot (3.7-meter) lengths. 


table 6. Taper schedules (half elements), for the 3-element 
Vagi. 


14.2 MHz 


section (inches) (inches) (inches) 


3-elements 
tubing lengths 
(12 feet) 


1.125 0 24 

1.000 24 72 

0.875 72 136 

0.750 136 176 

0.625 176 <215 


21.3 MHz 

1 0.875 0 72 3 

2 0.750 72 112 2 

3 0.625 112 <145 2 

38.5 MHz 


1 0.875 0 72 3 

2 0.750 72 <105 2 


Third, for these three cases it is necessary to scale 
the original design of table 1 to use the desired aver¬ 
age cylinder size. Table 7 shows the scaled cylinder 
lengths (in X 0 for all three beams using scaling tech¬ 
niques discussed previously. 

We are now ready to compute the effect of taper 
schedule. For the 14.2-MHz element(s), table 8 
shows the flow of calculations; xj and X2 (inches) 
show the start and finish of each section. First, a trial 
guess at the overall reflector length is made; I guessed 
212 inches (5.38 meters) in this case. For each sec¬ 
tion K, m. F(0) and S A (in inches) are calculated by 
the previously described technique. Note that the 
sum of all cylinder equivalents S A is 207.63 inches 
(5.27 meters); what was desired was 207.11 inches 
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(5.26 meters). This was a lucky guess; however, a 
small correction should be made to section 5. This 
correction is m times the needed cylinder correction. 
Next in table 8 is shown a second reflector calcula¬ 
tion after the correction is made; note that the new 
cylinder equivalent is exactly what was desired. Thus 
the overall length of the half element (last x 2 ) is 
211.45 inches (5.37 meters). 

By using the correction procedure, the next calcu¬ 
lation derives the overall length of the driven element 
and a small iteration sets it (last x 2 ) at 208.0 inches 
(5.28 meters). The same procedure is used for the di¬ 
rector, whose overall length (last x 2 ) is 198.83 inches 
(5.05 meters). Table 9 shows exactly the same calcu¬ 
lation procedure for the 21.3-MHz beam elements, 
and table 10 shows the results for the 28.5-MHz 
beam elements. 


We are now ready for the final small boom and 
boom clamp corrections. For this purpose I assumed 
the elements are U-bolted with saddles to flat plates, 
which in turn are U-bolted with saddles to the boom. 
Boom diameters are assumed to be 3 inches (7.6 cm) 
OD (14 MHz) and 2 inches (5.1 cm) OD (21 and 28 
MHz). Full plate dimensions are assumed to be 6 in¬ 
ches (15.2 cm) wide and 8 inches (20.3 cm) long (14 
MHz); 5 inches (12.7 cm) wide and 6 inches (15.2 
cm) long (21 MHz); and 4 inches (10.2 cm) wide 4 
inches (10.2 cm) long (28 MHz). These plates reduce 
central pipe inductance and thus cause an electrical 
shortening of the half element. This shortening is 
easy to calculate by techniques previously described. 
It amounts to about 0.66 inch (1.7 cm) (14 MHz); 
0.44 inch (1.1 cm) (21 MHz); and 0.24 inch (0.6 
meters) (28 MHz). 


table 7. Scaling computations (3-element beam of table 1). 


(MHz) 

\„(inches) 

d (inches) 

K 

RO (K o) 

R 

DR 

D 

14.2 

831.76 

0.875 

190.17 

0.0005260 

0.49801 

0.48963 

0.46900 

21.3 

555.81 

0.875 

1270.42 

0.0007871 

0.49790 

0.48916 

0.46765 

28.56 

414.42 

0,875 

947,25 

0.001056 

0.49769 

0.48819 

0.46490 
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table 9. Taper calculate 


! MHz. 


SEC. d (inches) flinches) x 2 (inches) K M F(9) S A (inches) 


r th 

AL 1 

0.875 0. 

72. 

1270.42 

1.00000 

0.61831 

72.000 


X„ = 555.81 inches 2 

0.750 72. 

112. 

1482.16 

1.02836 

-0.45812 

39.503 


CYLINDER 3 

0.625 112. 

140. 

1778.59 

1.06191 

- 0.93549 

26.476 


RO = 0.0007871 (X„) 






137.979 


LE = 0.49783 (X„) 








HALF LENGTH 138.35 inches 







R 

1 

0.875 0. 

72. 

1270.41 

1.00000 

0.62020 

72.000 


2 

0.750 72. 

112. 

1482.16 

1.02836 

-0.45319 

39.509 


LE = 0.49783 (X„> 3 

0.625 112. 

140.4 

1778.59 

1.06191 

- 0.93404 

26.857 


HALF LENGTH 138.35 inches 






138.366 



x 2 LAST = 140.2 inches 





DR 

1 

0.875 0. 

72. 

1270.42 

1.00000 

0.60720 

72.000 


2 

0.750 72. 

112. 

1482,16 

1.02836 

0.48664 

39.471 


LE = 0.48884 (X„) 3 

0.625 112. 

137.7 

1778.50 

1.06191 

-0.94368 

24.289 


HALF LENGTH 135.65 inches 

x 2 LAST = 137.6 i 

nches 




135.760 

D 

1 

0.875 0. 

72. 

1270.42 

1.00000 

0.57571 

72.000 


2 

0.750 72. 

112. 

1482.16 

1.02836 

-0.56284 

39.386 


LE = 0.46675 (X„) 3 

0.625 112. 

131,65 

1778.59 

1.06191 

-0.96375 

18.547 


HALF LENGTH 129.71 inches 

x 2 LAST = 131.4 i 

nches 




129.933 

table 10. Taper calculations at 28.5 MHz. 


SEC. 

d (inches) x, (inches) 

2 (inches) 

K 

Af 

m 

A (inches) 

R 

X„ = 414.42 inches 1 

0.875 0 

72 

947.25 

1.00000 

0.37839 

72.000 


CYLINDER 2 

0.750 72 

104 

1105.12 

1.02988 

-0.85138 

31.209 


RO = 0.001056 (X 0 ) 






103.209 


LE = 0.49769 (X„) 








HALF LENGTH 103.13 inches 







DR 

1 

0.875 0 

72 

947.25 

1.00000 

0.35882 

72.000 


2 

0.750 72 

101.89 

1105.12 

1.02998 

-0.86433 

29.140 


LE = 0.48819 (X„) 






101.140 


HALF LENGTH 101.16 inches 

x 2 LAST = 101.90 

nches 





D 

1 

0.875 0 

72 

947.25 

1.00000 

0.31133 

72.000 


2 

0.750 72 

97.08 

1105.12 

1.02998 

- 0.89377 

24.429 


LE = 0.46490 fX 0 ) 






96.429 


HALF LENGTH 96.33 inches 

x 2 LAST = 96.97 i 

nches 






Thus, to compensate for the boom clamp, each 
half element should be lengthened by an equivalent 
amount; it should be further lengthened by the em¬ 
pirical 1/16 boom radius described previously. 

With all these corrections, the overall physical 
length of each half element is shown in table 11. 
None of these taper schedules is severe; therefore, 
the actual element lengths are not a great deal longer 
than the cylinder lengths shown in tables 8, 9, and 
10; nevertheless the differences are there. Also 
shown in table 11 is the boom position x B for each 
element expressed both in X 0 and in inches. Although 


I have not tested any of these particular three-ele¬ 
ment beams experimentally, I am confident that their 
performance will be excellent and, moreover, they all 
should be easy to construct. 

summary 

Let me now summarize briefly the results of the 
entire Yagi design series. 

1. A computational methodology was developed and 
validated 2 - 3 that allows the important Yagi antenna 


december 1980 01 39 






table 11. Overall element half lengths (In inches) and boom positions (in \ 0 and 
inches); 3 element beams with taper schedules of tables 8,9 and 10. 


(MHz) 

freq 

element 

initial 

taper 

(inches) 

(inches) 

(inches) 

final 

length 

(inches) 

location, x B 
(X 0 ) (inches) 

14.2 

R 

211.45 

0.66 

0.09 

212.20 

0 

0 


DR 

208.00 

0.66 

0 09 

208.75 

0.15 

124.7 


D 

198.83 

0.66 

0.09 

199.58 

0.30 

249.5 

21.3 

R 

140.2 

0.44 

0.06 

140.70 

0 

0 


DR 

137.6 

0.44 

0.06 

138.10 

0.15 

83.4 


D 

131.4 

0.44 

0.06 

131.90 

0.30 

166.75 

28.5 

R 

103.91 

0.24 

0.06 

104.21 

0 

0 


DR 

101.90 

0.24 

0.06 

102.30 

0.15 

62.2 


D 

96.97 

0.24 

0.06 

97.27 

0.30 

124.3 


properties to be computed. Such computations pro¬ 
duce results which are judged accurate to a few per 
cent; such an accuracy probably exceeds the ac¬ 
curacy of state-of-the-art experimental techniques. 

2. Computations have been made throughout the 
series which have led to many new insights to Yagi 
antenna behavior. Among them are: 

a. Simplistic designs (all elements spaced equally 
along the boom, and all directors of equal length) are 
as good as any other design for the same boom 
length as long as the boom is shorter than one wave¬ 
length. 4 

b. Yagi forward gain basically depends only on boom 
length (in X); it is essentially independent of number 
of elements as long as element spacing along the 
boom is not too large. 4 Conceptually, the boom can 
be considered an aperture illuminated in a quasi¬ 
uniform way by the discrete elements. The illumina¬ 
tion produces a diffraction pattern (the radiated 
antenna pattern) whose details are controlled by the 
precise illumination schedule. 

c. Yagi F/B ratio is (naturally) best when the diffrac¬ 
tion pattern has a null in the back direction. This oc¬ 
curs approximately when the boom length is an odd 
multiple of \/4. 

d. A procedure exits whereby a Yagi antenna having 
four or more elements and roughly favorable boom 
length can be fine tuned by slight changes in element 
positions on the boom to give an indefinitely high 
F/B ratio; this astronomical F/B (that is, >120 dB) 
exists only at a single frequency. It occurs due to 
vectorial cancellation of individual element contribu¬ 
tions and is equivalent in concept to a notch frequen¬ 
cy filter which is carefully adjusted to give an excep¬ 
tionally deep notch. 5 

e. Yagis, quads and quagis all behave alike qualita¬ 
tively. Conceptually a quad can (if properly adjusted) 


have a somewhat higher gain (a fraction of one dB) 
than a single Yagi; for horizontal polarization the in¬ 
creased gain comes about from slightly increased 
vertical directivity. This conceptual advantage may 
be eroded in practice by the difficulty of experimental 
quad adjustment compared with the accurate con¬ 
struction of a Yagi to a valid computed design. 6 

f. The gain and impedance of any equilateral quad 
loop is strictly independent of the position of the feed 
point. 

g. Ground effects are extremely important and lead 
directly to preferred antenna heights (1 to 2\) with 
corresponding preferred radiation elevation angles. 7 

h. Stacking (horizontally polarized) Yagis vertically 
over ground is very effective if the top Yagi is suffi¬ 
ciently high U to 3\). Stacking does result in signifi¬ 
cant mutual coupling effects, which can degrade 
normally expected performance, especially F/B 
ratio. 8 

i. A new method is suggested for raising the radia¬ 
tion acceptance angle for stacked beams. This 
method uses phase reversal for one of two antennas 
in a stack; the apparent advantage is the retention of 
stack gain at the higher angles. 8 

j. Fine tuning, or beam optimization, for high F/B 
ratio depends on the ultimate end use. Designs are 
different for free-space conditions, a single Yagi an¬ 
tenna over ground, and Yagi antennas to be used in a 
stack. 8 

3. Practical computation procedures are provided in 
this article for scaling a given design to use elements 
of different radii, for length corrections due to ele¬ 
ment taper schedule, and for length corrections due 
to mechanical boom-to-element clamps. 

4. The entire series provides a way for anyone to 
make a Yagi antenna system having high computed 
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performance, starting from his own computed de¬ 
signs, or starting from designs which have been sug¬ 
gested in this series. Moreover, it is also shown in 
this article how to make a Yagi antenna which will 
accurately emulate the performance of any existing 
Yagi design; the performance will be just as good (or 
just as bad) as the emulated design. 

final comments 

In the development and exposition of this series of 
related articles, which I found both technically chal¬ 
lenging and requiring considerably more effort than 
originally anticipated, I have attempted to proceed 
from basic electromagentic theory to a model of a 
Yagi antenna system which could ultimately be used 
in a practical way. All of the required steps and tools 
have been described. However, along the way I have 
noticed a number of areas in which further work by 
interested people could be very helpful. Among 
these are the following: 

1. Valid theoretical treatment of mutual impedance 
where element length is not X/2, and where the cur¬ 
rent distribution is not sinusoidal but consistent with 
the element function and environment. A particularly 
difficult question exists with regard to the imaginary 
part of this impedance at small distances. 

2. Valid theoretical treatment of the screening effect 
of closely adjacent dipoles on the electric field nor¬ 
mally present at a given dipole. 

3. Valid theoretical treatment of the mutual coupling 
between quad loops, especially including the imagin¬ 
ary component of coupling at all loop distances. 

4. Valid theoretical treatment of the reactance of a 
full quad loop as a function of its length (perimeter) 
in the neighborhood of X. 

None of these tasks is easy. All require good physics 
followed by tractable mathematics. Moreover, even 

if "solutions" are claimed, they must be viewed with 
some suspicion until accurate experimental results 
confirm their validity. 

In addition to these theoretical tasks, it would be 
extremely helpful if good experiments could be made 
in one or more of the following areas: 

1. Experiments on model Yagi antennas, similar to 
those reported by NBS 3 4 * * * * 9 , but carried out with im¬ 
proved instrumentation and especially improved con¬ 
trol of the physical environment. Such experiments 
could be exceedingly useful in attempting to validate 
not only the models I have used, but improved 
models which I am sure will occur in the future. 

2. Find a way to better characterize real (rough, con¬ 
toured, or both) ground sites. Such characterization 


should also include the electromagnetic properties of 
ground. The objective of such work is to provide 
valid models for a wide spectrum of real-world sites; 
the use of these models should lead to better under¬ 
standing of ground effects and perhaps methods for 
minimizing ground problems. 

3. From (flat) ground sites at several magnetic lati¬ 
tudes measure the (statistical) arrival angles of 
incoming signals. Such measurements should be 
made at a number of widely separated useful fre¬ 
quencies; at each frequency the results should be 
correlated with the measured state of the iono¬ 
sphere. These measurements should be made, not 
only over a yearly cycle, but over at least one com¬ 
plete solar cycle. Only in this way will a real under¬ 
standing of the relevant behavior be reached. The 
end result of this understanding is, of course, to 
allow specifications for needed incoming arrival 
angles and hence specifications for optimum anten¬ 
na height(s) and stacking arrangements. 

It is clear that all of these suggestions require an 
uncommon competence and dedication, as well as 
the development of sophisticated experimental in¬ 
strumentation. They also require a great deal of 
effort. 

In the meantime I am convinced that the tools now 
available will not only permit the design of improved 
antenna systems, but in many aspects also permit a 
practical design that is unlikely, even in principle, to 
be significantly improved. 

It is my wish that many readers will construct these 
superior Yagi antenna systems, make meaningful 
measurements of their properties, and report results 
accurately in the literature. 
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kilowatt 


mobile 

for DX 

One way to 
put out a 
big signal 
from your car 


After several years of DXing with a six-element 
quad, I thought it would be a real challenge to put 
out a big signal from a mobile rig and see what could 
be done. It turned out that working DX from a mov¬ 
ing automobile is enjoyable and well worth the effort 
of building the equipment to provide a full kilowatt 
input. 

In my mobile a TS-120S drives a modified HA-14 
amplifier. The TS-120S is powered from the standard 
55-ampere automotive system. To power the HA-14 
linear, I use a three-phase alternator-powered supply. 

high-voltage mobile supply 

A three-phase Leece-Neville alternator is used as a 
primary source, which I bought for $10. It has a rat¬ 
ing of 7 volts at 60 amperes. The alternator circuit is 
shown in fig. 1. 

I mounted the alternator on the car and used a belt 
drive from the crankshaft pulley on the engine. (It 
takes a tight belt to prevent slippage under maximum 
load.) 

The high-voltage supply (fig. 2) is a three-phase 
delta configuration with voltage from each phase ap¬ 
plied to a full-wave voltage doubler. 

The outputs of each voltage doubler are connect¬ 
ed in series to obtain 2400-2600 Vdc. I used three sur¬ 
plus transformers with 12-volt primaries and 170-volt 
secondaries. Other transformers can be used, and if 
the turns ratio is correct, voltage doublers aren't nec¬ 
essary. Regular 12-volt, 60-Hz filament transformers 
with a 220-volt winding can be used. 


Applying 25-30 volts to a transformer rated at 12 
volts can be alarming but because of the alternator 
output frequency, the impedance is acceptable, and 
the transformers will work well without any heating. 

Although the alternator is rated at 7 volts output, 
the output voltage is dependent on the regulator. 
The regulator (fig. 3) sets the alternator output at 
25-30 volts. The alternator works quite efficiently at 
the elevated output voltage. I've had no problems 
while running it this way. The field current must be 
taken into account, however, and the 5.6-ohm resis¬ 
tor (fig. 1) limits it to a safe value. I've test-loaded 
this power system at approximately 2400-2600 watts 
with no problems. 

regulator 

The regulator is a modified version of a circuit pub¬ 
lished several years ago. No battery is needed in this 
power system. Several regulator designs were tried 
and worked well; this is the one I like best. The alter¬ 
nator will usually self-excite when turned on, but if 
not a momentary push button switch will do it (S2, 
fig. 1). 

This power system has been trouble-free and very 
dependable. Since the high power drain doesn't af¬ 
fect the automotive power system or its battery, run¬ 
down battery problems don't exist. I can run full 
power with this mobile setup for hours on end with 
no overheating or other problems. The limitation, of 
course, is that the engine must run at idle rpm or 
more to operate the linear. 

installation 

I mounted the power supply and linear amplifier in 
the car trunk and the regulator under the hood away 
from engine heat. If the antenna is bumper mounted, 
it must be well grounded. While transmitting with 
this high power, allow no one to touch the antenna 
— severe burns will result. Even the outside of the 
car can give rf burns. 

While pulling into my drive one night I was surprised 
to see what I thought was lightning on a clear night. 


By Don Winfield, K5DUT, 6080 Anahuac 
Avenue, Fort Worth, Texas 76114 
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fig. 1. Primary power source for the mobile linear amplifier uses a three-phase Leece-Neviile 
alternator. Voltage from each phase is applied to a fullwave voltage doubler. 




fig. 2. High-voltage supply. Outputs of each volt¬ 
age doubler are connected in series to provide 
2400-2600 Vdc for the mobile final amplifier. The 
system has been test loaded at 2400-2600 watts. 
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The top of the antenna was touching low tree limbs 
as I transmitted, and the damp limbs drew arcs from 
the antenna, with one of the limbs smoldering and on 
fire. I've since learned to shut down when under 
trees with low limbs. 

results 

After everything is in place and working, what kind 
of results can be expected from a kW in the car? 

DX stations such as D4, ZS, EL2, 6W8, XT2, H44, 
VR8, and TR8 have been worked with 5-9 or better 
reports from the 20-meter mobile. I’ve enjoyed many 
contacts with DX friends such as ZS6DN, F3EG, and 
VR3AR while driving to and from work. In my case, 
that's a 35-minute trip on the interstate usually with 
light traffic. Just right for a little mobile DXing. 

During peak band conditons, reports are routinely 
received from both coasts of 30-40 dB over S9 and 
occasionally "pegging the S meter." Numerous 
comments such as, "You're too strong to be a mo¬ 
bile," have occurred. I usually honk the horn to con¬ 
vince the doubters.* 

Other bands are worked also, and, what with the 
excellent conditions during the fall of 1979, the 10- 
and 15-meter band propagation was so good that the 
mobile was just as good as a fixed station. Many DX 
stations were worked on first call on these bands in 
pile-ups during this time. During the winter months, 
75 meter DX is worked routinely into most areas of 
the world. I use CW from the mobile also. A memory 
keyer is a great help. 

The biggest limitation to DX work from a mobile is 
the ability to receive. On today's crowded bands, 
with the nondirectional vertical, interference is a 
problem, as is noise while operating mobile in popu¬ 
lated areas. Noise blankers help a great deal. The 
most common problem with the mobile occurs when 
a CQ is called. The average ham expects a mobile not 
to be too strong, and when he hears one calling CQ 
and answers him, he finds it hard to believe that the 
mobile can't copy his signal on a simple antenna. 

I've enjoyed this mobile for about 1 Vt years and 
can recommend mobile DXing as another means of 
enjoying ham radio. For a mobile station to be able to 
jump into a huge pileup on a rare station on 20 
meters and come up with a contact is something that 
apparently never ceases to amaze the Big Guns at 
their multikilowatt stations with huge antennas 
scraping the clouds. 

I'll be glad to help in planning your super mobile 
DX station on the receipt of a large, self-addressed 
stamped envelope. 

ham radio 


‘Using Morse code, of course. Editor. 
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amplitude compandored sideband 


Narrowband techniques 
for vhf mobile 
communications 


amplitude compandored sideband 

Recent developments promise to change the situa¬ 
tion. In his report to the FCC after an extensive two- 
year research program into narrowband techniques 
for vhf land mobile, 1 Dr. Bruce Lusignan of Stanford 
University's Satellite Planning Center has come to 
some very interesting conclusions. By modulating a 
standard single-sideband transceiver with specially 
processed audio and processing the recovered audio 
through a similar system on the receive end, equal or 
even better performance can be obtained than when 
using NBFM. Because less than one-fifth the spec¬ 
trum is required for equivalent channel-to-channel 
protection, five times as many stations can occupy 
the same spectrum space. 

ACSB, or amplitude compandored sideband, com¬ 
bines several common techniques especially tailored 
for SSB. The system, developed by Dr. Lusignan in 
conjunction with Dr. Fred Cleveland of the University 
of the Pacific and VBC, Incorporated, features 4:1 
amplitude compandoring, a pilot subcarrier system, 
and 12-dB/octave pre-emphasis/de-emphasis. The 
resultant ACSB system provides: 


It is obvious to most observers in larger metropol¬ 
itan areas (New York, Los Angeles, Chicago, San 
Francisco) that saturation is beginning to occur on 
the 2-meter band. Even with the extra megahertz 
provided by the added repeater sub-band, with a 
total possible repeater population of 60 or so 
machines above 146 MHz, and 20 or so in the 
144-145 MHz region, there are times when a ham 
population of 10,000 or more in such regions taxes 
these systems to their limit. Timers of 60, 40, or even 
30 seconds are not really the answer. 

If hams have been experiencing a problem, consid¬ 
er the plight of commercial users of vhf/uhf. It has 
been impossible for some time to obtain vhf licenses 
in many areas, and uhf channels are in short supply 
as well. Common carrier multiplexing schemes and/ 
or 900-MHz channels have been proposed, but indi¬ 
vidual vhf/uhf or semi-shared channels have many 
advantages to the ultimate user, not the least of 
which is long-term cost. 

Sideband use on vhf has long been used by Radio 
Amateurs (and the military). With the recent intro¬ 
duction of multi-mode 2-meter rigs, a surge in inter¬ 
est and activity has been sparked using this mode. 
Below fm threshold, SSB provides distinct advan¬ 
tages in sensitivity and range capabilities. Unfortu¬ 
nately, many of the convenience featues of fm oper¬ 
ation do not work with our current sideband trans¬ 
ceivers, and the signal-to-noise ratio on stronger 
signals, as well as the audio bandwidth and quality, 
do not match the better fm rigs. 


1. 50-70 dB adjacent channel protection using 5-kHz 
channels (as opposed to 20-25 kHz spacing for fm). 

2. 10-dB power advantage due to both processing 
and bandwidth. 

3. Automatic frequency locking and carrier identifica¬ 
tion. 

4. Very rapid AGC (20 Hz) to greatly reduce mobile 
flutter. 

5. A degree of quieting performance that, combined 
with its greater sensitivity, equals or exceeds normal 
fm. 

6. Extended, reliable range by a factor of two, up to 


By James Eagleson, WB6JNN. 280 Manfre 
Road, Watsonville, California 95076 
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about 25 miles (40 km), limited to a factor of 1.5 
times only by earth curvature beyond this distance. 

Furthermore, noise during fading is much less dis¬ 
tracting (and less tiring as a result). This feature is the 
result of compandor characteristics, which reduce 
both noise and signal at poor signal-to-noise ratios 
rather than producing the noise bursts common to 
fm. Unlike normal sideband, ACSB provides a 5-dB 
capture effect that is several dB better than fm's nor¬ 
mal 6-8 dB capability. 

description of a typical system 

The microphone audio is first passed through a 
preamplifier to bring it up to the proper level for the 
compressor circuitry. It is then passed through the 
first of two 2:1 compressors so that the normally de¬ 
sired 40-dB dynamic range of speech is compressed 
into 20 dB. 

This compressed audio is then mixed with a 2850- 
Hz pilot tone set -7 dB below peak audio output. 
Both signals are then passed through a second 2:1 
compressor, which compresses the 20-dB dynamic 
range of the first compressor into a 10-dB dynamic 
range. As one might expect, the pilot tone will be re¬ 
duced during voice peaks by the amount of gain re¬ 
duction produced by the audio peaks. This works out 
to about 10-dB reduction of the pilot on voice peaks, 
or 17 dB below peak reference level. Obviously, if we 
were to monitor this signal at this point, very com¬ 
pressed audio with a high pitched tone would be 
heard. 

The final processing technique is to pre-emphasize 
the speech at a rate of 12 dB per octave. This is done 
to equalize the inherent differences in power levels in 
human speech, which tends to be concentrated in 
the low frequency areas. 

The processed signal is transmitted on an other¬ 
wise standard single-sideband transmitter. It is also 
received on a standard single-sideband receiver using 
its normal AGC techniques (perhaps modified slightly 
to complement ASCB characteristics). 

The received signal is passed through an AGC-con- 
trolled audio stage, which is controlled by a detector 
tuned to the pilot tone frequency. Its time constant is 
set very fast so that up to a 20 Hz-per-second change 
in input signal will be kept nearly constant in output 
level. Additionally, as a reduction in pilot level will 
cause an increase in output level, the suppression of 
the pilot in the second transmit amplitude compan¬ 
dor will be translated by the pilot AGC system into ex¬ 
pansion at the same rate. Thus, a strong signal with 
no modulation will be quieted by the presence of the 
pilot signal. As the pilot is at its peak when there is no 
modulation, maximum quieting will occur. 


After processing by the pilot-derived AGC, the 
leveled, expanded signal is again passed through a 
2:1 expander. The pilot-derived expansion restores 
the 20-dB dynamic range from the transmitted 10-dB 
dynamic range signal. The second expander restores 
the original 40 dB dynamic range from the 20-dB 
pilot-derived expansion. The resulting audio is then 
processed through a 12-dB per octave de-emphasis 
filter to restore the original frequency response. 

ACSB, then compresses 40 dB of speech informa¬ 
tion into a dynamic range of 10-dB, transmits it, then 
restores the 40-dB dynamic range at the receiving 
end of the system. This means that a signal-to-noise 
ratio of just over 10-dB is all that is required for an ef¬ 
fective restored dynamic range (signal dynamics and 
signal-to-noise) of 40 dB. Additionally, a 2:1 quieting 
curve is established due to the constant presence of 
the pilot tone in the AGC and pilot expander receiver 
circuits. 

A close look at the dynamics of ACSB will show 
that a carrier-to-noise ratio of only 5 dB will provide 
the equivalent of 20 dB quieting (to use fm terminol¬ 
ogy). Indeed, a 10-dB carrier-to-noise will give al¬ 
most the full 40 dB dynamics and signal-to-noise we 
started with, except for the addition of a few dB of 
noise due to proximity to the noise floor. This cer¬ 
tainly explains the weak signal superiority of this 
mode. 

Dr. Lusignan estimates that ACSB has about a 15- 
dB advantage over normal SSB (he assumes 20-22 
dB signal-to-noise is required for "high intelligibility" 
... all consonants audible). It also has a bandwidth 
advantage over fm, giving less interference from im¬ 
pulse noise (ignoring fm limiting) and higher signal- 
to-noise for a given power level at the receiver. This 
combination provides the measured 10-dB advan¬ 
tage of ACSB over 5-kHz deviation fm. 

ACSB and NBFM comparison 

Dr. Lusignan's report to the FCC 1 compares ACSB 
with NBFM as follows: 

Signal to noise. ACSB shows a 10-dB advantage 
over fm at equal peak power levels. 

Power required. ACSB requires 1 /10th the power 
of fm for equal signal to noise. Additionally, ACSB re¬ 
quires 1/3 to 1/2 the average power of fm when the 
transmitters have equal peak output power, since the 
unmodulated output of ACSB is 7 dB less than its 
peak output. 

Range. ACSB provides a reliable range equal to 
twice the fm range at distances up to 25 miles (40 
km). Beyond 25 miles (40 km) this is reduced to 1.5 
times due to the earth's curvature, which then be¬ 
comes the limiting factor. 


december 1980 Q9 49 




During 8-watt PEP tests, simultaneously transmit¬ 
ting ACSB and fm combined on a common transmit¬ 
ting antenna and receiving on an ACSB and fm re¬ 
ceiver fed from a common receiving antenna, the fm 
signal was lost in the south San Jose, California, 
area, while the ACSB signal was lost near Gilroy, Cali¬ 
fornia — some 16 miles (26 km) and 35 miles (56 km) 
from the Stanford transmitting site respectively. 

Fading/multipath noise bursts (kerchunking). 
Field tests and bench tests show ACSB burst noise 
is 10 dB less than fm burst noise. Additionally, ACSB 
should be less prone to multipath distortions due to 
its narrower bandwidth and lack of sensitivity to 
phase relationships. 

Message completion. ACSB is 3-5 times more relia¬ 
ble at a 9-mile (15-km) range than fm at equal power 
levels. ACSB at this range gives an 85 per cent com¬ 
pletion rate compared with fm's 20 per cent rate. 

Co-channel protection. On-channel rejection is2-3 
dB better with ACSB than with fm. Capture ratio for 
ACSB is about 5 dB compared to 7-8 dB for fm. 

Adjacent-channel rejection. At 5-kHz spacings, 
ACSB provides 50-70 dB rejection of adjacent chan¬ 
nel interference (depending on linearity and frequen¬ 
cy stability). Fm at 25-kHz channel spacing yields 
65-75dB; at20-kHz spacing it yields 55-65dB. 
According to the report, 1 the protection of 50 dB is 


sufficient, because other factors (intermodulation, 
co-channel interference) become equally problemati¬ 
cal beyond this point. 

"In typical applications the probability of loss from 
adjacent channel transmissions compared with 50 dB 
isolation is negligible compared with . . . shadowing 
or co-channel transmissions. Increasing . . . from 
50-70 dB would not result in a noticeable change in 
the probability of successful transmissions." 

Stability requirements. The ACSB system devel¬ 
oped by VBC, Incorporated, for this study will auto¬ 
matically lock signals that are ± 800 Hz from the cen¬ 
ter of the channel. At 160 MHz this is not outside 
normal stability for current fm equipment. 

Digital transmissions. ACSB can handle up to 4 
Kb/second in the main 2-kHz audio channel as well 
as about 20 b/second superimposed on the pilot 
carrier.* 

Doppler shift in mobile service. The AFC circuit 
will control Doppler shifts normally encountered at all 
frequencies through 900 MHz (± 800 Hz). 

Fm/ACSB shared channels. It is possible to use 
ACSB and fm from a common repeater site providing 
the two channels are separated by 12.5 kHz. That is, 


•Experiments with wider audio bandwidths (up to 3 kHz) are in progress. 
This should increase digital rates as well as improve audio fidelity. 
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an fm repeater could also provide two ACSB chan¬ 
nels each 3 kHz wide centered 15 kHz away without 
interference from the ACSB channels to the main 
channel. (This might be a solution to the 15-kHz split 
situation on 2 meters between 146-148 MHz, for 
example.) 
hardware 

Commercially available LSI chips that perform all 
ACSB functions should be available in one to two 
years, depending on FCC action, market acceptance, 
and other normal factors relating to volume and pro¬ 
duction. In the meantime, experiments with ACSB 
Level 1 is within easy reach of the experimentally in¬ 
clined ham. The Signetics NE 570/571 Compandor 
1C is available from Jameco Electronics, 1021 
Howard Ave., San Carlos, California 94070. Their 
price is $4.95 (1980 catalog), but they also have a 
$10.00 minimum. 

The NE570, an LM324 op amp, and an rf-tight box 
will allow everything necessary for 2:1 compandoring 
with pre-emphasis/de-emphasis. My own experi¬ 
mentation shows a marked improvement on all but 
the weakest signals (signals under 4-5 dB signal-to- 
noise ratio show no apparent improvement, even 
though background noise with no signal will be im¬ 
proved). The block diagram on the preceding page is 
recommended as a starting point, 
conclusion 

Out here in the west we like to talk about the wide 
open spaces. Well, you can still drive to those wide 
open spaces without too much effort. In the crowd¬ 
ed city, however (and we do have some crowded 
cities), one soon learns that it is best to give one's 
neighbor plenty of elbow room whenever possible. 
On vhf, ACSB promises a good way to do just that. 
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first building blocks 
for 

microwave systems 


Simple and stable 
1152-MHz multiplier chain 
for Amateur microwave bands 

There Is an apparent abundance of commercially 
built high-frequency and vhf equipment available, lit¬ 
tle of which is adaptable for use above 1 GHz. Pur¬ 
chased equipment may be used to provide a 1296- 
MHz station (generally a varactor tripler driven by a 
432-MHz transmitter, and a relatively high-noise- 
figure receiving converter with no rf preamplifica¬ 
tion). It's virtually impossible to purchase any station 
equipment specifically designed for weak-signal 
communications above 1296 MHz. Thus far only the 
most intrepid experimenters have ventured above 
1296 MHz, generally hand-in-hand with a master ma¬ 
chinist and expensive power tools (lathes and the 
like). 

All is not lost, however. Because of two interesting 
factors, building a microwave station is now possible 
for most experimenters willing to spend a few eve¬ 
nings etching PC boards and soldering components. 
That's right — no more machinists, at least not for 
1296-MHz and 2304-MHz equipment. 

frequency relationships 

The first factor to help resolve the microwave di¬ 
lemma lies in the arithmetic of our microwave bands. 


Within all our bands above 1300 MHz is at least one 
frequency that is a multiple of that "magic number" 
- 1152 MHz. Even 1296 MHz is related to 1152 MHz. 
The former frequency was originally selected for 
weak-signal work because it is the third harmonic of 
432 MHz and therefore can be obtained by tripling. A 
difference frequency of 144 MHz exists between 
1296 and 1152 MHz, which becomes the receiving i-f. 
Note also that 1152 MHz is the eighth harmonic of 
144 MHz. The relationships between the 1152-MHz 
magic number and weak-signal frequencies in our 
uhf and microwave bands are listed in table 1 and 
graphically illustrated in fig. 1. 

low-order frequency 
multiplication 

Another interesting mathematical feature is that 
the frequency of 1152 MHz can itself be generated by 
a chain of low-order (and therefore relatively good ef¬ 
ficiency) multipliers. This chain, made up only of fre¬ 
quency doublers and/or frequency triplers, allows fil¬ 
tering to reduce undesired (spurious) signals at the 
multiplier-chain output. Many writers have insisted 
that starting frequencies be in the range of about 
50-100 MHz to avoid producing undesired harmonics 
in the 144-MHz and/or 432-MHz bands. This requires 
an overtone crystal. As the frequency of such crys¬ 
tals is notoriously difficult to pull, a variable-crystal- 
frequency source was developed that allows use of 


By Geoffrey H. Krauss, WA2GFP, c/o UHF 
Electrospecialties, Inc., 16 Riviera Drive, 
Latham, New York 12110 
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crystals operating in the fundamental mode, below 
about 20 MHz. 

One optimum chain (shown by the heavy-bordered 
boxes in fig. 2) thus starts at 16 MHz, triples to 48 
MHz, doubles to 96 MHz, doubles a second time to 
192 MHz, doubles a third time to 384 MHz, then trip¬ 
les to 1152 MHz. The use of this chain requires that 
the unwanted third harmonic of 48 MHz be very 
greatly attenuated. If present, the third harmonic will 
fall into the low end of the 2-meter band (at the 
weak-signal EME portion around 144.000 MHz). Radi¬ 
ation of any significant amount of energy at that fre¬ 
quency will tend to irritate neighboring 2-meter CW 
operators. In a vhf-contest environment, the third or 
ninth harmonics may very well QRM your own 2- 
meter or 70-cm station. These two undesired har¬ 
monics, however, appear to be the only problem har¬ 
monics. The ability to suppress undesired harmonics 
is enhanced by proper partitioning of the multiplier 
chain. The basic-frequency (for example 16-MHz) os¬ 
cillator and only a few of the total number of multipli- 



table 1. Relationship between "magic number" 1162 MHz and weak-signal 
frequencies In the Amateur uhf and microwave bands. 


band (MHz) 

desirable 

frequency 

(MHz) 

by mixer 

by multiplier 

1240-1300 

1296 

1152 + 144 

432 x 3 

or 108 x 2 x 2 x 3 

2300-2450 

2304 

2448 

(1152 x 21 +144 

1152 x 2 

or 102 x 2 x 2 x 3 x 2 

3300-3500 

3456 


1152 x 3 

5650-5925 

5760 


1152 x 5 

10,000-10,500 

10,368 


1152 x 9 
= 1152 x 3 x 3 
= 3456 x 3 

24,000-24,250 

24,192 


1152 x 21 
« 1152 x 3 x 7 
= 3456 x 7 

48.000-50.000 

48,384 


1152 x 42 

= 1152 x 3 x 7 x 2 
= 3456 x 7 x 2 
= 24,192 x 2 

71,000-76,000 

72,576 


1152 x 63 

= 1152 x 3 x 7 x 3 
= 3456 x 21 
= 3456 x 7 x 3 
= 10,368 x 7 
= 24,192 x 3 

165,000-170,000 

169,344 


1152 x 147 
= 1152 x 3 x 7 x 7 
= 3456 x 49 
= 24,192 x 7 

240,000-250,000 

241,920 


1152 x 210 
= 3456 x 70 
= 48,384 x 5 
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ers are packaged in a low-frequency building.block. 
The remainder of the multipliers are packaged in a 
separate, second building block. The low-frequency 
block output may then be made to have very low 
levels of signals at undesired frequencies. 

The second important factor is the present-day 
ability to generate the desired 1152 MHz signal in a 
practical manner from a lower frequency driving sig¬ 
nal. In this regard, great thanks should be given to 
Paul Shuch, N6TX, for his design of a PC board 
96-1152 MHz multiplier unit. 1 This microstrip unit, for 
which a printed circuit board and set of tuning capac¬ 
itors are available from N6TX, was apparently de¬ 
signed to replace a multiplier chain 2 using a pack¬ 
aged oscillator, at 96 MHz, driving a pair of 2N5179 
transistor frequency doublers to 384 MHz; a pair of 
2N3866 power amplifiers, providing several hundred 
milliwatts at 384 MHz; 3 and a step-recovery-diode 
tripler to provide about 5 milliwatts at 1152 MHz. 4 
Having built three such frequency-multiplier chains, I 
must concur with the general undesirability of vhf 
multipliers using step-recovery diodes. 


The replacement of the entire 96-1152 MHz chain 
with three stages of transistor multipliers (using the 
Motorola MRF 901) results in a great saving of time, 
labor, and parts cost. I've built several of the 1152- 
MHz sources (described later in this article) as well as 
a 1296-MHz solid-state transmitter, based on the 
microstrip multiplier of reference 1, and have select¬ 
ed that basic design for the 96-1152 MHz portion of 
this common microwave system. While some may 
desire to be purists and design all their equipment 
themselves, I believe that judicious use of the contri¬ 
butions of others often makes for the best (and the 
most rapid) attainment of the end goal: to get as 
many stations on the microwave bands as quickly 
and inexpensively as possible. 

96-MHz VXS 

As mentioned, the N6TX unit was designed for use 
with a fifth-overtone oscillator, which is replaced with 
the variable-crystal-frequency source (VXS) shown in 
the block diagram of fig. 3. I've arbitrarily chosen a 
tuning range, at 2304 MHz, of 2303.928-2304.086 
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MHz, corresponding to an oscillator frequency range 
of 15.9995-16.0006 MHz (therefore, an 1100-Hz 
range at 16 MHz gives a 158.4-kHz range, when mul¬ 
tiplied 144 times, to frequencies around 2304 MHz). 
This requires that the crystal frequency be pulled 
about 0.0066 percent, which certainly can be achieved 
with almost any fundamental crystal. 

The crystal frequency was chosen as 16,001 kHz 
with 20 pF parallel capacitance, and thus is slightly 
higher than the nominal 16,000-kHz frequency. By 
paralleling the crystal with a bit more capacitance, 
provided by the main tuning capacitor Cl and its ser¬ 
ies and shunt band-setting capacitors C2 and C3, the 
desired frequency range can be realized. The sche¬ 
matic of the 96-MHz variable-crystal-frequency 
source is shown in fig. 4, the PC-board layout is 
shown in fig. 6, and the parts placement in fig. 7. 

PNP transistor Q1 is the crystal-controlled oscilla¬ 
tor, driving a frequency tripler, 02. Transistor Q3 is a 
48-MHz buffer, Doubler Q4 and a tuned buffer, Q5, 
at 96 MHz, follow. The 96-MHz output filter is a 
double-tuned bandpass configuration. An additional 
double-tuned bandpass filter (fig. 5) may be used at 
the high-frequency multiplier block or placed in a 
separate shielded box outboard of the source and 
multiplier blocks to provide an additional 20 dB sup¬ 
pression of the undesired signals provided by the 


VXS. The tuning range, with the components listed, 
is sufficient to allow the VXS to be used with crystals 
between 15-18 MHz! In the first case (15-MHz crys¬ 
tal) the final multiplier output is 1080 MHz, which is 
used for dou bling to 2160 MHz. This frequency is used 
for local-oscillator output in 2304-MHz receiver con¬ 
verters with a 144-MHz i-f. The 18-MHz crystal pro¬ 
duces a final multiplier output of 1296 MHz for use in 
exciters in the 23-cm band. 
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some other uses 

The output of the VXS can be: 

1. Set to 116 MHz (by using a 19.334-MHz crystal) 
for use as a 2-meter local oscillator. 

2. Used with a frequency doubler to generate a 192- 
MHz signal for use as a 220-MHz local oscillator. 

3. Set by a 16.834-MHz crystal to provide a 101-MHz 
signal for input to a cascaded pair of frequency doub¬ 
lers to generate a 404-MHz local-oscillator signal for 
use in 70-cm equipment. (See fig. 9.) 

In the VXS schematic of fig. 4, both crystal leads 
are above ground in the circuit. This might be a prob¬ 
lem if crystal switching is desired. For higher stability 
the crystal will be placed in a thermally isolated envi¬ 
ronment (such as a crystal oven positioned above the 
PC board or in a block of styrofoam). 

shielding considerations 

Note, in fig. 8, that pieces of double-clad PC 
board form three shield partitions. A, B, and C, di¬ 
rectly soldered to the copper-clad side of the PC 
board. A similar partition, D, is soldered to a PC- 
board case built around the entire board above shield 
A (between the oscillator and the multiplier stages) 
for added attenuation of oscillator harmonics. The 
oscillator is enclosed in a shielded compartment sep¬ 
arated from the tripler-buffer area, which is sepa¬ 
rated from the doubler-buffer area. The output filter 
is in its own compartment, shielded from all oscilla¬ 
tor, frequency multiplier, and buffer stages. 

The VXS circuit also includes a high degree of 
power-supply decoupling. An 1C voltage regulator, 


U1, provides a constant voltage to the circuit; this is 
necessary not only to prevent oscillator frequency 
changes with varied input voltage (in my case, from 
the battery in my automobile during mobile operation 
from any convenient mountaintop), but also to keep 
all transistors operating at fixed biased points, which 
causes the transistor input and output impedances to 
be stabilized. This stabilization of device impedances 
prevents changes in tuning with changing input volt¬ 
age and contributes to the overall spectral purity of 
the VXS output signal. Note the use of a BNC con¬ 
nector for the rf output of the source, and the use of 
a feedthrough capacitor to bring the voltage into the 
VXS enclosure. Both components are used to main¬ 
tain the shielding integrity and provide minimum am¬ 
plitude of undesired signals. 

Also note that the voltage regulator 1C, U1, and 
the associated resistors, R24-R28, and capacitors 
C36-C38 are mounted on a wire-wrap 18-pin 1C soc¬ 
ket, with the end pins on either side extending full 
length and soldered to the inside of the case. The re¬ 
maining 14 pins are bent at right angles, close to the 
bottom of the socket; the regulator-circuit resistors 
and capacitors are soldered between the bent pins. 
See fig. 10. 

spectrum analysis 

The VXS is aligned by using any of the well-known 





fig. 9. Other uses for the VXS. A shows e 116-MHz locel 
oscillator for a 2-meter converter with a 28-MHz i-f. A fre¬ 
quency doubler for generating a 192-MHz local-oscillator 
signal for a 220-MHz converter, using a 28-MHz i-f. is 
shown in B. A pair of cascaded frequency doublers, C. 
generate a 404-MHz local-oscillator signal for a 432-MHz 
converter with a 28-MHz i-f. 
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tuning procedures including: a) monitoring the emit¬ 
ter or collector current of the stage following the 
stage you're tuning for an increase in current, and b) 
using a test receiver, grid-dip meter and so forth. If a 
spectrum analyzer is available (and its use is highly 
desirable although not mandatory) an output signal 
spectrum similar to that shown in fig. 11 may be ob¬ 
tained. In fig. 11, spectrum (A) is for the basic cir¬ 
cuit, built on the circuit board, but without the out¬ 
put filter (L5, L6, CIO, C11, and C13). Note that the 
second harmonic is at a level of only - 14 dBc (dB 



below the desired carrier, at 96 MHz). Adding the 
output filter, but without shielding, typically provides 
the (B) spectrum, wherein the greatest-amplitude 
undesired signal is still the second harmonic, now 
suppressed to a level of - 40 dBc. Adding the shields 
and a shielded box (fig. 8) results in the (C) spectrum 
(shown in solid lines in fig. 11). With the shields and 
shield box, the greatest-amplitude undesired signals 
are those spaced above and below the desired signal 
by the fundamental frequency; for example, at 80 
and 112 MHz. 

With the use of the outboard additional filter 
(labeled BPF-96) the only signals found, up to 1500 
MHz, are as shown in spectrum (D): 


16-MHz 96-MHz 

frequency oscilletor output ettenuetion 

(MHz) hermonic hermonic (dBc) 

— - 

112 7 -79 

192 12 2 - 70 

288 18 3 - 70 

480 30 5 - 74 


Minor signals occur at the 65th, 66th, and 67th har¬ 
monics of the crystal frequency (16.001 MHz), with 
respective amplitudes of -73, -75, and -76 dBc. 

Even with the additional two-section BPF-96 filter, 
the desired 96-MHz output has a level of 16 dBm (40 
milliwatts). Because a significantly lower level, on 
the order of 0 dBm (1 milliwatt), is required for driv¬ 
ing the first doubler in the high-frequency multiplier 
circuit, additional bandpass filters, or a lowpass filter 
having a cutoff frequency on the order of 150 MHz, 
could be easily used. Note that the presence of the 
second and third harmonic of the desired output sig¬ 
nal is not particularly troublesome, since these fre¬ 
quencies will be generated in subsequent multiplier 
circuitry anyway. 

To achieve the required Q, the on-board double- 
tuned bandpass filters use air-wound rather than 




fig. 11. Output of the VXS as seen on a spectrum analyz¬ 
er. Attenuation of undesirable signals is shown as a 
function of frequency for three different configura¬ 
tions. Note the effect provided by adding the bandpass 
filter. 
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lower -Q toroidal inductors. It is probable, because of 
the relatively high insertion loss of the bandpass filter 
sections, that the filters are not completely optimized. 
However, the ability to provide easily tuned filters 
using low-cost components was deemed more im¬ 
portant than squeezing out an additional few dB of 
harmonic rejection. Whether or not additional filter¬ 
ing is used, at least 10 dB of attenuation (a T-pad 
with 22-ohm series arms and a 33-ohm shunt arm) is 
used at the N6TX high-frequency multiplier board in¬ 
put to ensure that a relatively constant output ter¬ 
minating impedance appears, as well as to reduce 
the drive level. (I've burned out several MRF 901s but 
haven't harmed any 2N5179s, in the first doubler 
stage, with only 6 dB attenuation.) 

I prefer the 2N5179 in this stage with an increase in 
the tuning capacitance of the 192-MHz circuit; this is 
especially advantageous because the 2N5179 is not 
only less expensive but is also more readily available 
than the MRF 901. Of course, any change in termi¬ 
nating impedance can detune the filter or filters and 
reduce the ultimate suppression of undesired har¬ 
monics. Similarly, the ultimate suppression of har¬ 
monics of the 1152-MHz signal is a function of the 
suppression provided by the N6TX circuit and any 
additional filtering applied thereafter. See fig. 13. 

construction 

After building the basic PC board of fig. 6 and drill¬ 
ing all component mounting holes, mount the crystal 
socket on the non-copper side of the board with 4-40 
(M3) by 0.37 (9.5 mm) screw, lockwasher and nut. If 
a crystal oven is to be used, don't mount the crystal 
socket but wire the oven crystal leads to the appro¬ 
priate PC-board pads after assembling the board and 
mounting the crystal oven on it. Before mounting the 
components, solder the two box sides, cut as shown 
in fig. 8, to the long edges of the PC board. About 
1-1/2 inches (38 mm) of the sides extend above and 


below the plane of the circuit board. A hole for the 
feedthrough capacitor and for the BNC connector 
can be drilled in the appropriate side, either before or 
after soldering. 

Solder shield A between the two sides and also to 
the copper-clad PC-board side. The counterpart of 
shield A (shield D in fig. 8) is positioned against the 
non-copper side of the PC board and soldered to the 
pair of opposed box sides. At this side, all compo¬ 
nents should be mounted to the PC board. Variable 
capacitors C2-C12 are soldered to the copper pattern 
on the bottom of the board, while all remaining com¬ 
ponents are mounted from the top (non-copper bear¬ 
ing) surface of the board. 

After installing all components, carefully mount 
shield B then shield C before soldering the end pieces 
between the two sides and to the ends of the PC 
board. A hole may be drilled in the end piece, at the 
oscillator end of the board, for tuning capacitor Cl. 
However, if the VXS is to be used as a fixed-frequen¬ 
cy source, in which capacitor Cl is merely adjusted 
to set the output to a particular frequency and not to 
be continuously tuned (as in setting a local-oscillator 
frequency in a receiver), then capacitors Cl an d C2 
are dispensed with; frequency is adjusted with C3. 
Note that output filter inductors L5 and L6 and the 
48-MHz trap inductance L7 are also mounted be¬ 
neath the PC board. The voltage regulator 1C socket, 
with its components, can now be mounted by solder¬ 
ing to one copper side piece, as shown in fig. 10. 

tune up 

Tack solder the top cover to all four sides, but 
don't completely solder. Install the crystal in its soc¬ 
ket and apply at least +12 but less than -t-20 volts to 
the B+ feedthrough. Note the voltage at regulator 
pin 3 (which will be pin 4 of the socket, since pin 1 is 
attached to ground). The regulator output voltage 
should be between +8.5 and +9.1 volts dc. Total 
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current into the box will be no more than about 75 
milliamperes and will probably be considerably less at 
this time. The base lead of Q2 can be monitored for a 
16-MHz signal, indicating that the oscillator is work¬ 
ing. Monitor the base lead of Q3 with a 48-MHz rf in¬ 
dicator and tune C4 for maximum rf voltage. Shift 
the rf indicator to the base lead of Q4 and tune C5 
and C6 for maximum voltage at 48 MHz. Retune the 
indicator to 96 MHz and monitor the base of Q5; tune 
C7, then C6and C5, for maximum voltage. 

Move the monitor to the tap of filter coil L5 and 
tune C8 and C9 for maximum voltage. Now connect 
the monitor to the output connector and tune CIO, 
C11 for maximum output. Then retune C9, C8 for 
maximum 96 MHz signal. Note that a commercial fm 
receiver, with carrier-strength meter, may be used 
for the 96 MHz monitor indicator. 

After tuning the bandpass filter for maximum 96- 
MHz signal, reset the tuning monitor to 48 MHz and 
adjust C12 for minimum 48-MHz signal. The out¬ 
board filter can now be tuned, if used, for maximum 
96-MHz signal. As indicated previously, if you can 
beg or borrow a spectrum analyzer, set the analyzer 
to display the spectrum from at least 15 MHz to at 
least 150 MHz (and preferably to at least 500 MHz). 
Finely adjust C4-C11 several times in sequence for 
best suppression of undesired harmonics while main¬ 
taining the desired 96-MHz signal at a reasonable 
maximum. 

Capacitors C6 and C9, especially, are used to ad¬ 
just the symmetry of the amplitudes of the undesired 
fifth and seventh harmonics of the crystal oscillator 
next to the desired sixth-harmonic signal at 96 MHz. 
Capacitor C12 has some effect on the tuning of C7. 
Furthermore, if you use a spectrum analyzer, the 
68-k resistor in the voltage regulator circuit may be 
replaced with a 25-k pot in series with a 56-k fixed re¬ 
sistor, and the pot will vary the circuit voltage. Vary¬ 
ing the regulated voltage will often allow you to find 
a specific voltage at which maximum harmonic sup¬ 
pression is achieved, although power output will 


change [but, as previously mentioned, it isn't partic¬ 
ularly important so long as at least 20 milliwatts (+ 13 
dBm) are available at the attenuator input to be add¬ 
ed to the N6TX multiplier], 

multiplier modifications 

The N6TX multiplier board (fig. 12) is modified by 
removing the 9.1-volt zener, the 0.01-/iF capacitor in 
parallel with the zener, and the 180-ohm resistor to 
the zener (not shown). A 27-ohm, 1/8-watt resistor is 
soldered from the base lead of the first multiplier 
transistor to the circuit trace that was the unit oscilla¬ 
tor B + line. A 39-ohm resistor is soldered from the 
B + trace to ground, and one end of another 27-ohm 
resistor is also soldered to the B+ trace. The other 
end of the second 27-ohm resistor is soldered to the 
outer conductor of a piece of RG-174 coaxial cable, 
whose shield is soldered to multiplier ground. 

A coaxial cable is connected from the input of the 
outboard bandpass filter, if used, to the BNC connec¬ 
tor on the VXS. If transistor Q1 of the multiplier is a 
2N5179 transistor, tuning capacitor CT, on the col¬ 
lector side, should be increased from 1 to 5 pF. The 
original Cl capacitor (at the first doubler input and 
unit oscillator output) is no longer needed. 

The multiplier should be tuned in the same manner 
as specified by N6TX in his article. I've found that the 
tripler input and three output filter capacitors should 
be the suggested Triko 202-08M, although the pair of 
384 MHz tuning capacitors may have to be increased 
to 2-10 pF, to adequately tune the modified multiplier 
board. Fig. 13 illustrates the output spectra of the 
modified multiplier block when driven with the VXS 
and 96-MHz outboard bandpass filter. 

Some uses of the VXS and multiplier blocks are 
shown in fjgs. 14 through 17. In fig. 14, one possible 
way that high transmitting power may be eventually 
economically realized within the next several years in 
the 2300-2450 MHz band will probably be by use of 
microwave oven magnetrons (a magnetron being es- 
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sentially a diode tube in which oscillations occur at 
microwave frequencies because of the finite time re¬ 
quired for electrons to travel or drift between the 
tube elements). Available magnetrons, which cost 
about as much as a vhf power tube of the 4CX250 
type, provide up to 600 watts of output power but 
are normally pretuned at the factory for oscillation at 
about 2450 MHz. 

The tuning adjustment is not normally accessible 
(apparently being inside the vacuum envelope of the 
tube), but some tuning can apparently be accom¬ 
plished by varying the tube anode current. Many op¬ 
erators interested in magnetron use have concluded, 
although none (to my knowledge) have yet proved, 
that it should be possible to reduce the magnetron 
frequency to be just within the upper edge of the 
2300-2450 MHz band. Advantageously, another mul¬ 
tiple of 144 MHz is present at 2448 MHz, which is 
also a 144-MHz i-f above 2304 MHz, itself a second 
harmonic of 1152 MHz. It may well be possible, using 
equipment as shown in fig. 14, to injection-lock a 
600-watt output magnetron with less that 10 watts of 
power from a very-high-frequency-stability source, 
whereby the magnetron assumes the same stability 
as its locking source. The 10-watt power level is ob¬ 
tainable, now, with fully-transistorized amplifiers. 

Probably the greatest obstacle in achieving high 
power in the 13-cm band is the requirement for a 600- 
watt circulator. I know of no such unit commercially 
available, although the technology appears to exist. I 
am confident, however, that some experimenter will 


eventually design, or design around, a circulator for 
this frequency and power level, allowing an injection- 
locked, high-power source to be realized. Fig. 15 is a 
phase-locked 1152-MHz subsystem that will provide 
a highly stable signal for multiplication into any of the 
13-cm, 9-cm, or 5-cm bands. 

Fig. 16A is a keyed 1152-MHz source having about 
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1 / 10th watt output, while fig. 16B shows its output 
spectrum (only a single spurious output at slightly 
more than 70 dB below the carrier). Fig. 16C shows a 
direct-conversion transceiver using the source of fig. 
16A. Fig. 17 shows other microwave source configu¬ 
rations, all based upon multiplication of the 1152- 
MHz signal. 

summary 

All of our microwave bands have one frequency 
that's related to 1152 MHz. By building a power 
source at 1152 MHz, multiplication to the microwave 
bands becomes possible. A relatively simple, yet 
stable, 1152-MHz chain is necessary; one such chain 
is described. The power amplifier, producing 100 mil¬ 
liwatts at 1152 MHz, is an adaptation of a circuit de¬ 
signed by Dick Frey, WA2AAU. Simple frequency 
doublers and receiving mixers for 2304 MHz have 
been described in many articles (check your ham 
radio and QST indexes). Thus it's possible to find 
easily built components for 2304 MHz right now. 


Higher-frequency blocks and subsystems are being 
worked on, and further results, from this writer or 
others, should be forthcoming. 
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Inrush current protection 
for the SB-220 linear 

Do you have adequate surge protection for your 
SB-220? If you own this fine piece of gear or similar 
equipment without the benefit of built-in surge pro¬ 
tection, this article should be placed at the top of 
your project list. For about $10 in parts and six hours 
of bench work, you can breathe easy when you push 
the power switch. I call it the $10 insurance policy. 

The subject of surge protection has been addressed 
by many in the past few years. In my opinion, one of 
the better articles was written by K. M. Gleszer, 
W1KAY, entitled "Upgrading Your SB-220 Linear 
Amplifier," which appeared in QST, February, 1979. 
Specific solutions were offered for operation with 
117-Vac for filament inrush current, diode-transient 
and voltage-equalization protection, plus other 
items. But conspicuous by its absence was a scheme 
for diode inrush current protection. This protection is 
easily obtained with the simple circuit described 
here. 

One other area where I'd suggest a change is the 
time-delay relay. The time-delay function is auto- 
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matic with a standard relay coil and a current-limiting 
resistor. Therefore the high cost, plus purchase time 
and final alteration, of a time-delay relay can be 
avoided. 

The mods I've installed are not unfamiliar, as 
they've appeared in several 1970-series of the Radio 
Amateur's Handbook. However, I've described the 
procedures in a detailed order using short, some¬ 
times elementary, phrases for clarification. I'm a 
stickler for the smallest detail, so you needn't bother 
with assumptions. 

With the mods installed, the following benefits will 
be added to your SB-220: 

1. Rectifier transient surge protection. 

2. Rectifier reverse voltage equalization. 

3. Rectifier inrush current protection. 

4. Inrush current protection for the 3-500Z filaments. 

This procedure is divided into two parts: rectifier 
protection and surge protection. You can elect to 
cancel one, but because the amplifier must be un¬ 
caged for installation of either, it seems wise to in¬ 
clude both. 

The fourteen original diodes in the SB-220 were 
not replaced with higher PIV units. This action is not 
necessary unless you break some during disassem¬ 
bly. These diodes are rated for 1 ampere average for¬ 
ward current at a PIV of 600 volts. The ratings are 
adequate for this application, and, combined with 
the modification, they will have a long life. 

The nominal delay was selected as 5 seconds. This 
time can be altered by varying the total limiting resis¬ 
tance. A resistance of 200 ohms caused a long delay, 
and the resistors dissipated much power. At the op- 
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posite extreme, 100 ohms provided insufficient 
delay. Therefore, a satisfactory value of 150 ohms 
was selected. Note that the time delay and resistance 
values were selected using a line voltage of 220 Vac. I 
intended to operate this linear only on the higher line 
voltage for increased efficiency, 
rectifier protection 

1. Remove amplifier case, top shield cover, and right- 
side shield. 

2. Remove the four rectifier board hold-down 
screws. 

3. Make a wiring map of all twelve wires connected 
to the rectifier board and identify by color designator 

(fig. 1). 

4. Unsolder all twelve wires at the board end, then 
remove diodes. 

5. Wick twelve wire pads and all diode holes. 
Remove flux. 

6. Drill out all diode holes using a No. 47 (2 mm) drill 
bit from the pad side of the board (assuming ail 
boards are the same). 

7. Using a No. 15 (4.5 mm) drill bit, deburr the new 
holes from the component side. Do not deburr the 
pad side. 

8 . Install resistors (470 k!4w) from the pad side, then 


install diodes and capacitors (0.01 at 1 kV) from the 
component side. Next: 

a. Solder each pad with its three wires. 

b. Clip component pigtails as you go. 

c. Clean board to remove flux. 

d. Ohmmeter check —note highs will be 470 k. 

9. Connect board to SB-220 using the following 
sequence: 

a. Solder red wire to hole D. 

b. Solder blue wires at holes H and J. 

c. Mount board using three screws—omit lower 
LH. 

d. Solder bare wire at hole K. 

e. Solder black wire at hole E. 

f. Solder black wires to holes and pads for the 
zener. Observe proper polarity. 

g. Solder orange wire to hole G. 

h. Solder yellow wire to hole F. 

i. Solder red small wire to hole A. 

j. Solder black wire (minus filter bank) to hole B. 

k. Solder black wire (l p meter) to hole C. 

This completes the rectifier-board wiring. Dress all 
wires at right angles away from the board, then 
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10. Reinstall right-side shield. 

11. Oil felt pads on fan motor while top cover is off. 

12. Install top shield cover. 

13. Test the amplifier using a dummy load. 

14. If OK, proceed to the next section. 

surge protection 

1. Solder No. 14 (1.6 mm) bus wire 2 inches (5 cm) 
long to pins 3 and 4 of relay K1 (fig. 2). 

2. Solder No. 14 (1.6 mm) bus wire 2 inches (5 cm) 
long to pins 5 and 6 of relay K1. 

3. Bend the two wires and solder to a two-lug tie 
strip. 

4. Connect pin 5 to 7 using No. 20 (0.8 mm) bare 
wire. 

5. Connect a black insulated wire (rated for 220 Vac, 
10 amperes) about 10 inches (25 cm) long to K1 pin 
8. 

6. Stack the two current-limiting resistors (100 and 
50 ohms) and connect in series. Solder this pair to 
the lower holes in the tie strip. 

7. Mount the completed surge-protection into the 
SB-220 using the center ground lug on the tie strip 
and the existing chassis screw located about 2 inches 
(51 mm) forward of terminal strip AE. The relay case 
should rest against the chassis, being supported by 
the bus wires. 

8. Connect the 10-inch (25-cm) black insulated wire 
(trim as required) from relay K1 pin 8 to terminal 2/3 
on terminal strip AE of the linear. 

9. Remove existing black jumper wire between 
power switch Z and front standoff AW. 

10. Connect Z to pins 3 and 4 of K1 using the tie strip. 
Use insulated wire with (220 Vac, 10-ampere rating). 

11. Connect Y from standoff AW to pins 5 and 6 
using the tie strip. Use insulated wire with 220-Vac, 
10-amp rating. 

12. This completes the surge relay installation. 

From the Heathkit manual, these codes are used: 

AE 110/220 Vac input terminal strip. 

AW front-mounted standoff tie point. 

AL front corner hole. 

Z power switch. 

operation 

Checkout of the surge protection circuit can be 


monitored each time the linear is fired up, assuming 
the filter capacitors have discharged to a low level. 
Place the selector switch in the HV position, while the 
mode switch can be in either the CW/TUNE or SSB 
position. After the power switch is pushed, there will 
be a time period of a few seconds of dead silence. 
This delay time is controlled by the value of the limit¬ 
ing resistors. During this period the plate voltage 
meter can be observed to slowly increase from zero 
to about 1500 Vdc. Additionally, the meter illumina¬ 
tion lamps will slowly energize to about half bril¬ 
liance. Since the 3-500Z filaments are in parallel with 
these lamps, they will be responding in the same 
way. If in doubt, turn off your room lights while ener¬ 
gizing the linear and peer down through the case top. 

The cooling fan will be turning very slowly while 
gradually building up speed. Therefore there will be 
no noise from this source during the initial few 
seconds. 

After the five-second surge-delay period, adequate 
voltage will be available for surge relay K1 to pull in. 
During a brief interval K1 contacts will close and 
hold, thus shorting the limiting resistors and applying 
full line voltage to the transformers. Instantly the 
plate voltage will increase from 1500 Vdc to its nor¬ 
mal maximum value. The 3-500Z filaments will glow 
with their normal brilliance, and the cooling fan will 
attain maximum speed. Don't be alarmed when you 
hear a brief buzzing sound as the relay closes. This 
sound is caused by K1 contacts bouncing (as all me¬ 
chanical relays do) combined with slight inductive 
arcing. 

Although this article is written specifically for the 
SB-220, other similar equipment could be surge pro¬ 
tected using these mods. 

For additional information on rectifier diode pro¬ 
tection I suggest the April, 1980, edition of 
Woridradio, which has a fine article written by Joe 
Carr, K4IPV. 

Once you've installed the mods as shown in fig. 3, 
you can place the problem of surge protection on the 
shelf for a well-deserved rest. I've used these circuits 
on two other homebrew linear amplifiers with total 
success. In addition I've used them on power sup¬ 
plies for several transmitters using the lower line volt¬ 
age. The only difference is the selection of the limit¬ 
ing resistance for a satisfactory delay period. 

Note: K1 Is a dpdt relay, 5000-ohm coil, 120 Vac. Contacts are 
rated at 10A, 125 Vac. Dimensions: 1-5/8 x 1 x 3/4 inches (41 x 
25.4 x 19 mm). 

ham radio 
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Oiplexer consists of a matched pair of highpass and 
lowpass filters, which allow a vhf and high-frequency 
antenna to share a common feedline. The filter at the 
antenna end has three sections {top); that at the sta¬ 
tion end has five sections {bottom). 


transceiver 
diplexer: 
an alternative 
to relays 

Frequency-selective filters 
allow vhf and hf antennas 
to share a common feedline 


In many cases it's desirable to reduce the number 
of feedlines between the ham station and the anten¬ 
nas. One of the more important reasons is the price 
of high-quality coax cable. It's easy to spend as 
much money on transmission lines as on a small 
commercially manufactured 2-meter Yagi antenna. A 
second reason may be the need to tidy up your instal¬ 
lation to please neighbors. If antenna restrictions ex¬ 
ist in your area, and you're trying to avoid detection, 
the presence of several coax cables can be too much 
to hide. 

One of the more popular ways of making the best 
use of feedlines is to use switching relays at the 
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antennas to select the desired antenna. Several sys¬ 
tems to accomplish this are available commercially, 
and homebrewing such an arrangement is not tech¬ 
nically difficult. 

There are disadvantages to such schemes. What 
happens when you're chasing a rare station and still 
want to listen to the local DX repeater on 2 meters? If 
you have only one feedline, this can be inconvenient. 
Care must be taken to avoid transmitting on the 
wrong-frequency antenna to prevent possible dam¬ 
age to both transmitter and antenna. 

enter the diplexer 

An alternative to relays is frequency selective net¬ 
works to select the proper antenna automatically. 
The networks can also allow simultaneous combina¬ 
tion of more than one transceiver on the same coax 
cable. 

These networks are called diplexers, since they al¬ 
low two transmitters (or receivers) to use the same 
feedline at the same time. They differ from 
duplexers, as used in repeaters. Duplexers permit si¬ 
multaneous operation of one transmitter and one re¬ 
ceiver on a common antenna. 

Although possible, it would be difficult to con¬ 
struct networks that would permit several different 
high-frequency antennas to share the same feedline. 
Relays are probably best used for this purpose. Be¬ 
cause 144 MHz and 220 MHz are commonly used for 
local communications, I designed a simple network 
to permit either of these vhf bands to coexist with 
high-frequency signals on one coax cable. I did not 
include the 50-MHz band because this design would 
have required more complex networks. (The 420- 
MHz band will pass through the filters, but the impe¬ 
dance match is marginal.) 

I used two networks. The one at the station end 
(fig. 1) allows both the high-frequency and vhf rig to 
access the coax simultaneously. The network at the 
antenna end (fig. 2) does the same for the high-fre¬ 
quency and vhf antennas. Each network consists of a 
mated pair of highpass and lowpass filters to accom¬ 
plish the separation and combination of the two dif¬ 
ferent frequencies. 

Some disadvantages occur in the use of filters to 
perform these functions. A small amount of loss is 
added to the system. This is minimal, however. Also 
the impedance presented to the transceivers is modi¬ 
fied. By proper filter design this mismatch can be 
kept to a minimum. 

One added benefit of the filters should be noted: 
Lowpass filters are in the circuit to the high-frequen¬ 
cy antenna, so some reduction in harmonic radiation 
is evident, which may reduce TVI to the point that an 
additional filter isn't needed. 


designing the filters 

The highpass and lowpass filters are simple 
Chebychev units that can be designed from tables of 
normalized filter prototypes or by calculating normal¬ 
ized inductor and capacitor values. I found it easier, 
however, to use the network design programs avail¬ 
able on the engineering computer at my place of 
employment. 

Reflection coefficient. To minimize the amount of 
mismatch introduced by the filters, I designed them 
to have a maximum reflection coefficient of 0.065. 
Since two filters are in tandem, the worst-case re¬ 
flection coefficient with a 50-ohm load could be 
twice this amount, or 0.13, which corresponds to a 
maximum SWR of 1.3. The worst-case situation at 
the transmitter for a load with a 2-to-1 SWR would be 
SWR of 2.7. Because of the designs I used, the fre¬ 
quencies of worst match don't coincide, and such a 
degradation is unlikely. The match may also be better 
at some frequencies because of the small variations 
in the impedance transformation through the filters. 

Cutoff frequencies. I set the filter cutoff frequen¬ 
cies about 7 per cent above and below the required 
maximum and minimum frequencies to avoid the loss 
appearing near the filter corners caused by the finite 
Q'sof the inductors. The resulting cutoff frequencies 
were 32 MHz for the lowpass filters and 135 MHz for 
the highpass filters. 

Isolation. The number of filter sections is governed 
by the isolation required between high-frequency 
and vhf equipment. Isolation at the transceivers must 
be much greater than at the antennas. For protection 
against receiver overload, at least 50 dB isolation was 
desired between the high-frequency transmitter and 
the vhf receiver. Such isolation reduces 1000 watts 
to 10 milliwatts at the receiver front end. Because of 
the wide frequency separation, no undesirable inter¬ 
modulation occurs in the vhf receiver. 

The isolation required between vhf transmitter and 
high-frequency receiver is usually not as great, be¬ 
cause most stations use much lower power on vhf 
than on hf. Even so, I designed the filters to be sym¬ 
metrical, which should give the same isolation in 
both directions. 

At the antennas, I set the isolation at 30 dB. This 
isolation should prevent high-frequency-antenna ra¬ 
diation from causing any significant reduction in the 
front-to-back ratio of a directional vhf antenna. 

To obtain the desired isolation, I made the net¬ 
works at the station end with five sections each and 
those at the antennas with only three sections each. 

After I designed the filters I increased the reac- 
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tances of the components at the common port by the 
same ratio to compensate for the shunting effect of 
the other filter. I did this with an interactive network 
analysis program. To make the impedance match as 
good as for the highpass or lowpass filter alone, I in¬ 
creased the end inductor of the five-section lowpass 
filter by 15 per cent and decreased capacitor of the 
five-section highpass filter by the same amount. For 
the three-section filter, the change of the end com¬ 
ponents was 30 per cent. 

I made allowances for the parasitic capacitances of 
the inductors to ground in the lowpass sections, 
which add in parallel with the shunt capacitors. I 
made allowance of 3 or 4 pF in the capacitors I used. 

I added small metal tabs about 0.4 inch (1 cm) square 
to the highpass filters. This restored symmetry to the 
highpass sections and improved the match at 220 
MHz. The final design of the filters appears in Figs. 1 
and 2. 

construction 

The filters were built in cast aluminum boxes and a 
piece of unetched copper-clad PC board was attached 
to the inside of the box with machine screws. The 
shunt components were then soldered directly to the 
copper board with the shortest possible leads. The 
series components were supported by the shunt 
components (this arrangement can be seen in the 
photos). This construction provides a rigid mounting 
for the parts with minimal stray inductance and 
capacitance. 

Shields were placed between the highpass and 
lowpass filters in each box to reduce mutual coup¬ 
ling. If you don't include the shields, isolation be¬ 
tween the vhf transmitter and high-frequency receiv¬ 
er will be seriously impaired. 

For the five-section networks, additional shields 
were required. The shields were made of double-sid¬ 
ed copper board. They were soldered all along the 
seams together with the groundplane copper boards 


and the other shields, then fastened to solder lugs on 
the connectors where possible. 

All coils were placed at right angles to each other 
in the same shielded area to avoid mutual coupling, 
which can cause filter performance to depart drastic¬ 
ally from the theoretical predictions. 

components 

The fixed caps were micas with a 1000-volt rating. 
This rating is adequate for power levels up to the 
legal limit. Because of the high currents flowing in 
the shunt capacitors in the lowpass filters, the re¬ 
quired capacitance was obtained by using two ca¬ 
pacitors in parallel, which reduces any possible heat¬ 
ing in the capacitors. Currents are highest when op¬ 
erating near the filter cutoff frequency and can easily 
reach 5 amperes with 1000 watts of input power. 

Air variable capacitors could be used throughout, 
in place of the micas, provided the voltage rating is 
adequate. In the highpass sections, the micas were 
paralleled with air variables and glass piston ca¬ 
pacitors to allow tuning. After the filters were tuned, 
it appeared that fixed units of the calculated values 
would have worked just as well, as judged from the 
positions of the variables. 

All the inductors were wound of No. 12 (2.1-mm) 
tinned copper wire. Winding data were obtained 
from charts in the ARRL Handbook. Information on 
the dimensions of the coils appears in table 1. 

tuning the filters 

By far the best way to tune Chebychev filters is 
with a swept reflectometer. These filters were tuned 
this way, adjusting the coils by stretching and 
squeezing and by tuning the capacitors until the im¬ 
pedance match across the passband of each filter 
was within the desired limits. Not everyone has the 
facilities to adjust the networks in this manner. As an 
alternative, the filters should be adjusted one at a 
time into a dummy load with an SWR meter or a 
noise bridge set to 50 ohms. The frequencies to use 
are given in table 2. It's important not to vary the 
components too far from the calculated values; do- 
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table 2. Adjust the inductors land variable capacitors, if us¬ 
ed) for best match into a 50-ohm load at these frequencies. 



fig. 3. Measured frequency response and return loss 
for the five-section lowpass filter. 


ing so may cause the isolation to be upset. 

After tuning for best match at the frequencies indi¬ 
cated, check the match at other frequencies within 


table 1. The inductors should be wound according to this 
data. The wire used is solid No. 12 12.1 mm) with spacing be¬ 
tween the turns equal to the wire diameter. 




fig. 4. Measured frequency response and return loss 
for the five-section highpass filter. 


adjustment frequency 


filter (MHz) 


5-section lowpass 28.3 

5-section highpass 148.0 

3-section lowpass 28.0 

3-section highpass 147.0 


the filter passbands. It may be necessary to retune 
somewhat if the impedance match is poor. Remem¬ 
ber that the match should not necessarily be perfect 
at all frequencies, but the SWR should not be worse 
than 1.2 anywhere in the passband of either filter. 

diplexer performance 

The two networks were measured with 50-ohm 
terminations on the unused ports. The results of the 



measurements are given in figs. 3 through 8. The im¬ 
pedance match is plotted as return loss. This quanti¬ 
ty is 20 times the logarithm of the magnitude of the 
reflection coefficient. It was measured directly by the 
test equipment used. The reflection coefficient for 
which the filters were designed, 0.065, represents a 

table 3. These are actual measured losses in a 50-ohm circuit 
with the unused ports terminated. Resistive and mismatch 
losses are included. 

j maximum loss frequency I 


filter _(dB)_ (MHz) 

5-section lowpass 0.1 21.0 

5-section highpass 0.22 220.0 

3-section lowpass 0.07 28.0 

3-section highpass 0.05 225.0 
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the boxes were long and narrow, with the common 
connection near the center of the assembly. Then 
the high-frequency and vhf ports would be separated 
by the greatest distance. Another layout improve¬ 
ment would be to shield separately each inductor in 
its own small compartment. This would greatly re¬ 
duce mutual coupling between the coils. 

The other possible improvement is to reduce the 
effective stray inductance of the shunt capacitors in 
the lowpass filters by paralleling more than two ca¬ 
pacitors to obtain the required value. The self-reso¬ 
nant frequency of smaller capacitors would be moved 
higher in frequency, and the stopband attenuation 
and isolation would be greater. 

using the diplexers 

If antenna tuners or TVi filters are in use at your 


return loss of 23.7 dB and an SWR of 1.14. The di- 
plexer insertion loss was surprisingly low. Table 3 
summarizes the measured losses through the filters. 

Use of the filters shows that the isolation between 
the high-frequency and vhf equipment is more than 
adequate. The equipment was a Yaesu FT-301 with 
an FL-2100B and an Icom IC-22S. The only problem 
areas were at harmonics of the high-frequency trans¬ 
mitter that fell on frequencies in the 2-meter band. 
However, this was also a problem when operating 
with separate feedlines. Significant fifth-harmonic 
energy was picked up by the 2-meter transceiver 
even when it and the high-frequency transmitter 
were connected to dummy loads. 

possible improvements 

The layout of the filters would be much better if 


station, they must be placed between the transceiver 
and the diplexer, which can be a problem if the an¬ 
tenna tuner is used to compensate for fairly high 
standing-wave ratios. Possible voltage and current 
stresses on the components in the filters could easily 
damage them. It would be wise to restrict operation 
at maximum legal power to standing-wave ratios no 
higher than 2.5 on the main feedline. 

For normal exciter power levels (under 300 watts 
input), there should be no problem with standing- 
wave ratios up to 5 under normal use, especially 
below the 20-meter band. 

If your SWR meter is capable of operation on both 
hf and vhf, it may be placed in the common feedline 
and measurements can be made in either frequency 
range. 

ham radio 




fig. 8. Measured isolation between the high-frequen¬ 
cy and vhf ports of the three-section filters. The com¬ 
mon port was terminated with 50 ohms. 
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spring mounted beam 
saves rotor gears 

What ham has not, at some time or 
another, had the gears torn out of his 
rotor drive motor when the beam has 
been whipped suddenly by a strong 
gust of wind or by a bad storm? 

After experiencing this disaster 
several times in my sixty years in ham 
radio, I finally decided to do some¬ 
thing about it. This time, when I put 
up my Mosley TA-33,1 made sure the 
gears would stay in no matter what 
the wind velocity. 

the cure 

(t's a simple measure and easy to 
accomplish (fig. 1). The mast from 
my rotor is a 2-inch piece of pipe. I 
slid a 6-foot (1.8 meter) piece of 1-1 /2 
inch pipe (this could be any other 
length of course) down inside the 2- 
inch pipe about 2 feet (0.6 meter) 
(this could vary). I slipped a heavy 
automobile shock absorber coil spring 
over both pipes so that the center of 
the spring came to the top of the 2- 
inch pipe. Then I welded the coil to 
the pipe: the top end of the coil to the 
1-1/2-inch pipe; the bottom end to 
the 2-inch pipe. I made three weld 
spots around each pipe. The spring I 
used fit snugly around the 2-inch 
pipe, so welding directly to the pipe 
was easy. 

At the top, I shimmed the spring 
with three pieces of 3/4-inch (2 cm) 
strap iron cut to about 1-inch (2.5 cm) 
long. This made the weld spots fit 
snugly to the 1-1/2-inch pipe. This 
precaution probably wouldn't be nec¬ 
essary, but it didn't take much more 
time and it made a neater looking 
weld. 


tebook 

Because of the lightweight con¬ 
struction of the TA-33 antenna, I 
didn't bother with an end thrust bear¬ 
ing at the bottom of the 1-1/2-inch 
pipe. The spring was heavy enough 
to take up the beam weight. How¬ 
ever, with heavier and more complex 
beam antennas, it might be wise to 
do something along these lines. One 
simple method would be to slide a 2- 
or 3-inch (5 or 8 cm) cut of the 1-1 12- 
inch pipe inside the 2-inch pipe at the 
place you want the bottom end of the 
1-1/2-inch pipe to rest, then drill 
through both pipe walls and secure 
the pipes with a bolt to hold the piece 
inside the 2-inch pipe. To avoid as 
much friction as possible, of course, 
the bottom of the 1-1 /2-inch pipe and 


the top of the small inserted piece 
should be ground as flat as possible 
and packed with heavy machine 
grease. 

springs 

The heavier the spring the better. I 
came across a spring about 10 inches 
(25 cm) long made from 3/8 inch (9.5 
mm) spring steel and 2-inches (51- 
cm) inside diameter. Many such 
springs are available in auto-part 
shops, usually from discarded shock 
absorbers. But i was lucky. I was 
driving past a shop one day and 
noticed a sign that said, HEAVY DUTY 
SPRINGS OF ALL KINDS. It turned out 
to be a spring manufacturer who 
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made springs for the shock absorber 
people. I explained what I was look¬ 
ing for, and the shop foreman pro¬ 
duced just what I wanted. When I 
asked, "How much?" he said, "Take 
it. It isn't worth the paperwork." Still 
some nice people around yet. 

My beam has been up for six years. 
We have had all kinds of high winds, 
near-tornadoes, and gusts that shook 
the house. But the beam and the 
rotor gears are still intact. The beam 
bounces around a bit in high winds, 
but there is very little shock to the 
rotor gears. If I had it to do over, I'd 
try to find a heavier spring; but of 
course the nearer you get to a rigid 
connection, the less effective the ar¬ 
rangement becomes. 

Russ Rennaker, W9CRC 

calculator care 

Many of the less-expensive small 
calculators aren't too well sealed 
against moisture and dirt. After living 
with the results of dirty contacts on 
the calculator keyboard of my unit, I 
decided to do something about it. 

I opened the machine and squirted 
some aerosol switch-contact cleaner 
onto the bottom of the keyboard. I 
then cut and shaped a sandwich bag 
to fit around the calculator and taped 
the ends of the bag with ScotchTM 
tape. I poked a hole in the bag with a 
toothpick to accept the charger plug. 

Now the calculator is protected 
from cigarette smoke, dirt, and 
grime. No more problems with con¬ 
tact bounce resulting in wrong entries 
when working long problems. The 
cost: about 0.5 cent. 

Alf Wilson, W6N IF 


varactor tuning tips 

In tuning power varactor doublers, 
triplers, etc., there is often a sharp or 


sudden discontinuity in the tuning of 
one or more of the tuned circuits; a 
condition known as hysteresis. 

While hysteresis is caused by some 
nonlinearities in the diode function, it 
seems that it may also be a result of 
the circuit Q aggravating diode non- 
linearities. I figured that it might be 
possible to lessen the effect by a re¬ 
duction in circuit (). Accordingly, I re¬ 
duced the bias resistor in my 144- 
to-432 MHz tripler from 92 to about 
12. I was pleased to note that circuit 
performance was actually improved 
— tune up was easier, and there was 
no appreciable loss of power output. 

Richard N. Coan, N3GN 


power dissipation 

Described here is a power-absorb¬ 
ing device commonly known as a 
dummy load. The circuit contains an 
active element so I have changed the 
name from dummy to active load. 

an active load 

The need for this circuit developed 
when I was trying to repair a 5-volt, 3- 
ampere power supply. No hot-dog¬ 
sized, 1.66-ohm resistors were avail¬ 
able for load testing, so the circuit of 
fig. 2A was constructed and tested 
on the supply. Load current is con¬ 
trolled in both circuits (figs. 2A and 


2B) by Rl. R2 limits the maximum 
base current to a safe value for the 
transistor used. One-hundred ohms is 
a nominal value. If the active load is 
to be used for more than a few sec¬ 
onds, adequate heatsinking must be 
provided for the transistor. 

A provision for metering the cur¬ 
rent being consumed is included. I 
used the Simpson 260 volt ohmmeter 
on the 10-ampere scale, 
other applications 
This active load, when coupled to a 
properly designed heatsink, could be 
used in place of the Hot Mugger XI. 1 
While these phenomena have not 
been fully investigated, an aluminum 
plate would probably exhibit an SWR 
of less than 3:1 over the operating 
range of the "coffee cup." Unfortu¬ 
nately, exact specifications for such a 
Hot Plate Matcher are beyond the 
scope of this article, 
acknowledgments 
I must acknowledge the contribu¬ 
tions of David M. Newell, ex-KIKRG, 
who first introduced me to this circuit 
idea, and Donald S. Patterson, 
PS7ZAC, who developed the PNP 
version shown in fig. 2A. 

reference 

1. Burton, "The Hot Mugger XI," 73, February, 
1979, page 163. 

Wm. Denison Y. Rich, PS7ZAD 
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new MFJ indoor 
active antenna 

The new MFJ-1020 indoor active 
antenna can rival, or even exceed, 
the reception of outside long-wire 
type antennas. 

The tuned circuit of this unique 
active antenna helps to reduce inter- 
mod, provides rf selectivity, and re¬ 
duces noise outside the tuned band. 

The MFJ-1020 can also be used as 
a preselector for an external antenna. 
It covers 300 kHz to 30 MHz in four 
bands: 0.3-1 MHz, 1-3 MHz, 3-10 
MHz, and 10-30 MHz. 

The 1020 comes with an adjustable 
telescoping antenna, ready to sit on 
your desk and listen to the world. The 
controls include: tune, band selector, 
gain, and on-off/bypass. A 9-volt 
battery will provide power for port¬ 
able use, or it may be used on 110 
Vac with the optional ac adapter. 

If ordered from MFJ, there is a 30- 
day, money-back trial period. If you 
are not satisfied, you may return it 
within 30 days for a full refund (less 
shipping). MFJ also provides a one- 
year unconditional warranty. 

The MFJ-1020 Indoor Active An¬ 
tenna is available from MFJ Enter¬ 
prises, Inc., for $79.95 plus $3.00 
shipping and handling. 

To order, call toll-free 800-647- 
1800, or mail order with check or 
money order to MFJ Enterprises, 
Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. 


pocket-size digital 
receiver 

New, from Ace Communications, 
Inc., is the world's first 1,800 channel 
"Slimsizer" pocket-size vhf fm re¬ 
ceiver. With this receiver, designated 
the AR-22, the entire 141.000-149.995 
MHz Amateur band, or 151.GOO- 
159.995 MHz commercial band, can 
be tuned automatically in precise 5- 
kHz steps. 

The AR-22 tuning system gives a 
direct frequency reading by employ¬ 
ing digital-pushbutton switches and a 
slide switch. 

The clean signal reception of this 
compact unit is the equal of many 
full-sized base stations. An electric 
tuning system in the rf-amplifier stage 
provides a typical sensitivity of 12 dB 
SINAD for less than 0.2 jtV on all fre¬ 
quencies. 

The unit is rugged and reliable. Cir¬ 
cuitry is contained on a double-sided, 
glass-epoxy printed-circuit board. 

The AR-22 is completely portable. 
With its nicad battery pack, the re¬ 
ceiver weighs only 7.1 ounces (200 
grams) and measures only 5 Vi x 2 'A 
x 1 inch (130 x 63 x 25 mm). It 
comes equipped with a high-perform¬ 
ance, "Mini-Helical" flexible rubber 
antenna. 

For a dependable, clear sounding, 
pocket-sized, digital 2-meter Amateur 
receiver, the AR-22 is one of the best 
buys on the market at $125. For more 
information on the ''Slimsizer" 
AR-22, contact Ace Communica¬ 
tions, Inc., 2832-D Walnut Ave., Tus- 
tin, California 92680. 


digital dial for rotators 

The digital age has entered the an¬ 
tenna rotator field. The DX-360 Digi¬ 
tal Degree Dial custom module con¬ 
verts your CDE Ham M, II, III, IV, 
T2X, Alliance HD-73, KLM, Wilson, 
Kenpro (TET) 400, 500, 600, and 


other rotor control boxes into easier- 
to-read digital-bearing readouts, 
which have superior accuracy com¬ 
pared to present analog meters. 
Guesswork is eliminated. 

The tested and assembled DX-360 
customized module is only $39.95 
(U.S.) with VISA, Master Charge, 
money order, or check. Shipped first 
class air mail. Guaranteed. Write for 
free details, and specify rotor type: 
Monitor, Box 55AB, Agincourt, Can¬ 
ada MIS 3B4. 

Xitex introduces "Smart 
TU" for ASCII/Baudot/ 
Morse 

Xitex Corporation has just an¬ 
nounced the addition of the UDT- 
170, Universal Data Transceiver, to 
its data-products line for RTTY and 
Morse operation. The UDT-170 con¬ 
nects directly between the user's 
ASCII or Baudot teletypewriter or 
video terminal, and the station trans¬ 
ceiver. For the user who does not 
currently have an RTTY or video ter¬ 
minal, the Xitex SKT-100 video termi¬ 
nal is recommended. 

The UDT-170 is the combination of 
a microprocessor-based data con¬ 
verter plus a high-performance RTTY 
Terminal Unit (TU). In the receive 
mode, the TU takes the RTTY or 
Morse signal from the receiver audio 
output and converts it to a dc signal, 
which is fed to the data converter 
portion of the UDT-170. Here, two 
single-chip microcomputers convert 
the ASCII, Baudot, or Morse input 
signal into an RS232 or 60-milliam- 
pere output signal, which has been 
regenerated to match the mode 
(ASCII or Baudot), Baud rate, and line 
length of the user's terminal. 

In the transmit mode, the serial 
output from the keyboard on the 
user's terminal is fed into the data 
converter in the UDT-170 where it is 
continuously buffered and regener¬ 
ated in the desired output mode 
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(ASCII, Baudot, or Morse) and data 
rate. 

The UDT-170 will operate at any 
FSK shift from less than 100 Hz to 
over 1000 Hz; Baudot rates of 60, 67, 
75, and 100 wpm; ASCII rates of 110 
or 300 Baud; Morse rates from 1 to 
150 wpm with "Auto Track"; and line 
lengths from 40 to 80 characters. 
Other features include a two-digit 
LED display for the copy rate (Morse 
only) and buffer states, and an op¬ 
tional CW "Ident" feature for RTTY 
operation. 

The UDT-170 is packaged in an RFI- 
protected metal enclosure and oper¬ 
ates on either 115 or 230 Vac, 50/60 
Hz. For additional information con¬ 
tact Xitex Corporation, 9861 Chart- 
well Drive, Dallas, Texas 75243. 


new energy-efficient 
voltage controls 

A new and convenient style of 
portable, variable ac-control system 
has just been announced by Staco 
Energy Products. Operating from 
standard 120-volt ac line current, the 
system allows the user to select and 
adjust ac voltage at any level from 
zero to 140 volts to provide power for 
applications requiring up to ten am¬ 
peres continuous duty, or to 100 am¬ 
peres surge, depending upon the unit 
selected. 

An all-new, rugged, aluminum 
housing provides a complete enclo¬ 
sure, and on the largest unit provides 
an integral carrying handle for ease of 
portability. All units feature fused, 
three-wire grounded circuitry for 
safety; and provide an on-off switch 
and pilot lamp in addition to a volt- 
age-level adjustment knob. All con¬ 
trols are located on the front panel, 
which is recessed into the outer hous¬ 
ing to minimize accidental readjust¬ 
ment. Models include the L-221 rated 
1.75 A, the L-501 rated 4.5 A, and the 
L-1010 rated 10 A. All models are 
available from franchised Staco dis¬ 


tributors throughout the country. 

Applications include portable use, 
laboratory or bench applications, and 
incorporation into new or existing 
machines and equipment. The hous¬ 
ing provides a means of custom 
mounting from either side, top, bot¬ 
tom, or rear of the unit, as the appli¬ 
cation requires. 

Styles range from manual panel- 
mounted units through closed-loop 
voltage-regulator systems. Requests 
for engineering assistance may be 
addressed to the attention of Sales 
Manager, 301 Gaddis Boulevard, 
Dayton, Ohio 45403. 


KLM multi-band vertical 

KLM announces a new multiband 
vertical antenna. Designated 40-10V, 
the design uses a series of lossless 
linear loading and efficient High-Qair 
capacitor sections on 20, 15, and 10 
meters, similar to those on the KT- 
34A and KT-34XA tribanders. Old 
style, power-robbing coils and capac¬ 
itors have been eliminated. 

In the KLM tradition, the 40-10V 
provides broadband coverage. All of 
40 meters is accessible with no tuning 
adjustment at 1.5:1 vswr or better. 
Optimized tuning is also possible 
using an adjustable element tip. Just 
two settings on each band provide 
complete coverage of 20, 15, and 10 
meters at 1.5:1 VSWR or better. 

The 40-10V is self-supporting; no 
guying is necessary. It is designed for 
mast, stake, or sidewall mounting. All 
aluminum tubing is strong, weather- 
resistant 6063-T832 alloy. All electri¬ 
cal hardware is stainless steel. Nomi¬ 
nal feed impedance is 50 ohms. Wind- 
load is 2 square feet (0.6 square 
meters). Price is $109.95. For more 
information contact KLM Electronics, 
P.O. Box 816, Morgan Hill, California 
95037. 


5 

ir MODE 
^KEYBOARD 


Sends Morse, Baudot and ASCII from 
keys or Morse from paddle. Also ran¬ 
dom CW with lists for practice. Meters 
for speed and buffer. Message mem¬ 
ories, editing, all prosigns. 110 Baud 
ASCII, 45.45 Baud Baudot. Continuous 
control of speed, weight, pitch and 
volume. PTT control. 

KB-4900 

*37995 


ELECTRO 

DEVICES 

INC. 


BOX 4090 

MOUNTAIN VIEW, CA 94040 
TELEPHONE (415) 494-7223 



I PAY CASH 

for your military surplus electronics 
If you have or know of availability: 
TT-98 TT-76 Teletypewriter 
phone me collect 
Dave-(213) 760-1000 


Comm Audio Processor 


Hildreth Engineering 

P.O. Box 60003 Sunnyvale, CA 94088 
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the 

Ultimate 

IAMBIC 

PADDLE 

WRITE FOR LITERATURE 

BencHeRjnc. 


Standard S 42.95 
Chrome S 52.95 

Gold plated $150.00 

Pull range of adjustment in 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 

Gold plated solid silver contact 

• Polished lucite paddles. 

• Precision-machined, chrome 
plated brass frames. 

• Standard model has black, 
textured finish base; deluxe 
model is chrome plated. 

• Heavy steel base: non-skid feet. 

At selected dealers or add S2.00 
handling. Quotation for overseas 
postage on request. 


AFFORDABLE CW KEYBOARD 



MORSE-A-KEYER KIT, model MAK-K, Complete kit ot parts & manual. $159.95 

MORSE-A-KE-YER, model MAK-F, Factory wired & tested. *205.00 

MORSE-A-KEYER ESSENTIAL PARTS KIT, model EPK-K. $ 69.95 


You supply ASCII keyboard, cabinet, power supply & miscellaneous parts.) 
Send check or money order. Use your VISA or MasterCard. Add *5.00 shipping and 
handling for Continental U.S. Wisconsin residents add 4% Wisconsin State Sales Tax. 


'T/fic'iocraft 


Corporation Telephone: (414) 241-8144 
Post Office Box 513HR, Thiensville, Wisconsin 53092 



Featuring Kenwood, Yaesu. Icom, Drake, Ten-Tec, Swan, Dentron. Alpha, Robot. 
MFJ, Tempo, Astron, KLM. Hy Gain, Mosley, Larsen. Cushcraft, Hustler. Mini 
Products, Bird, Mirage, Vibroplex, Bencher, Inlo-Tech, Universal Towers. 
Callboo k, ARRL, Astatic. Shure. We service everything vve sell! 

■p Write or call for quote. You Won't Be Disappointed. 

jusl a few minutes off the NYS Thruway (1-90) Exit 32 



products 


KLM SSV 80-40-15 
antenna 

The SSV 80-40-15 is the latest 
addition to KLM's unique new series 
of vertical, multi-band antennas, and, 
in the KLM tradition, features broad¬ 
band response on 80, 40, and 15 
meters. The SSV is free standing, 
with the lower half made up of three 
electrically active tripod legs. Excel¬ 
lent DX is possible, because the con¬ 
figuration of the legs contributes to a 
low angle of radiation on each band. 
Two of the legs are hinged at the 
base, allowing the SSV to be raised 
easily by two men. Only modest base 
preparations are needed. The upper 
half of the SSV is a single tele¬ 
scoping-whip section. It is quite flex¬ 
ible, and survives high winds by lay¬ 
ing over to reduce its own wind load. 
Although the SSV stretches over 60 
feet above ground, no guying is nec¬ 
essary. Overall weight is only 88 lb (39 
kg). Feed impedance is 50 ohms. 

A full 1/4-wave resonance is possi¬ 
ble on 80 meters by the use of one tri¬ 
pod leg and the upper whip section. 
The adjustable tip allows the SSV to 
be tuned from below 3.5 MHz to 6.5 
MHz, in 300-kHz steps, at 1.5:1 
VSWR or better. 

Resonance at 40 meters is quite 
broad thanks to the diameter of the 
base section (two of the tripod legs). 
Wide-range tuning is possible from 
6.5 MHz and up. Performance on 40 
meters appears better than a stan¬ 
dard, ground-mounted, 1/4-wave 
vertical because shock excitation of 
the 80 meter section improves the ra¬ 
diation pattern. 









Performance of the 3/4-wave, 15- 
meter section is also improved by 
shock excitation of the 80 meter sec¬ 
tion. The VSWR curve is very broad, 
with little change from band edge to 
band edge. 

Performance approaching that of a 
full 1/4-wave vertical is also possible 
on 160 meters by simply adding in¬ 
ductance at the antenna base. 

Experimental uses for the SSV 
abound. A wide-spectrum VSWR plot 
shows three more naturally occurring 
resonances that tall very close to the 
three new high frequency bands 
authorized at WARC-79 (10, 18, and 
24 MHz) and are usable with slight re¬ 
tuning. 

High-quality materials are used 
throughout the SSV. All aluminum 
tubing is drawn, seamless, 6063-T832 
alloy. Tough fiberglass insulators in¬ 
sulate the SSV from ground and in¬ 
sulate the resonant sections. Base¬ 
mounting anchor-plates are supplied. 

Price of the SSV 80-40-15 is 
$399.95. For more information, con¬ 
tact KLM Electronics, Inc., P.O. Box 
816, Morgan Hill, California 95037. 

B&Wbalun 

Barker & Williamson, Inc., an¬ 
nounce a new product for the Radio 
Amateur: the Model BC-1 Baiun. 

Specifications: 

Impedance 50 ohms unbalanced to 
50 ohms balanced 
Frequency 1.8-30 MHz 
Power 2.5-5 kW PEP 
Connector SO-239; mates with 
standard PL-259 

Size 2'A inch diameter; 7)4 

inches long (57 x 191 
mm) 

Weight 15 ounces (0.4 kg) 

For additional information contact 
Mr. Elmer Bush or Martin T. Zegel, 
Jr., at Barker & Williamson, Inc., 10 
Canal Street, Bristol, Pennsylvania 
19007. 




new; 

$ 145.00 


This 160-190 KHz transmitter kit is easy to build. The power supply and 
exciter portions are factory wired and tested, the Litz wire coils are wound 
and complete instructions are supplied so you can build it in one evening. 
The main unit with control panel (shown above) installs at your operating 
position. The active antenna matching network mounts at the base ot your 
vertical antenna. A 50' antenna is permitted. Shorter antennas can be us¬ 
ed. Transmitter operates from 115-v AC. One watt input crystal controlled 
(crystal supplied). No license needed. Meets all FCC requirements. Not for 
use in Canada. 

Enter the fascinating world of low frequency radio. Order your transmitter 
today! Free brochure on request. 

Complete your 1750 meter station with: 



VLF CONVERTER 
$59.95 


Converts the band 10-500 KHz to 3510-4000 KHz so you can hear it on 
your short wave receiver. Stable crystal control. Sensitive 1C mixer and RF 
stage. Covers the 1750 meter band, navigation radiobeacons, ship-to- 
shore, European low frequency broadcast band. Free brochure on 
request. 


LOOP ANTENNA 
Amplifier. . . $67.50 
Plug-in Loops $47.50 


A low noise receiving antenna. Connects to your receiver or VLF con¬ 
verter. Plug-in loops cover 10 KHz to 15 MHz (VLF plug-in covers 
150-550 KHz). Rotates 360 tilts ±90° to null out interference. Man¬ 
made noise limits low frequency reception. The loop antenna helps! Free 
brochure on request. 

. Order your LOW & MEDIUM FREQUENCY RADIO 

SCRAPBOOK by Ken Cornell, W2IMB $6.95 and 77/78 
HIIM ADDENDUM by Ken Cornell, W2IMB S3.95 from Palo- WW 

^-- 1 mar Engineers. - 

Order today direct or from your favorite dealer. To order direct include 
$3 shipping/handling. $1 for books. Add sales tax in Calif. Order today! 
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NEW 

FROM GLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN- 
NELIZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 M Hz. Prices start at $119.95. 
Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 
We welcome Mastercharge or VISA 


GLB ELECTRONICS 

1952 Clinton St., Buffalo, N. Y. 14206 



TUBESTERS™ 


• S-line performance-solid state! 

• Heat dissipation reduced 60% 

• Goodbye hard-to-find tubes 
• Unlimited equipment life 
TUBESTERS cost less than two tubes, 
and are guaranteed for so long as you own 

SKYTEC Write or phone for 

Box 535 specs and prices. 

Talmage, CA 95481 (707) 462-6882 


SYNTHESIZED 

SIGNAL GENERATOR 



• Dovers 100 to 179.999 MHz in 1 kHz steps wilh 
thumb-wheel dial • Accuracy .00001% al all fre¬ 
quencies • Internal Irequency modulation Irom 0 lo 
over 100 kHz at a l kHz rate • Spurs and noise at 
least 60dB below carrier • RF output adjustable Irom 
50 lo 500mv across 50 ohms • Operates on !2vdc 
@ Vz amp • Price $299.95 plus shipping. 

In stock lor immediate shipping. Overnight 
delivery available al extra cost. Phone: (212) 
468-2720, 

VANGUARD LABS 

196-23 Jamacia Ave. Hollis, NY 11423 
104 09 december 1980 


W1HR ESTATE: List ol Ham equipment end test equip¬ 
ment available. Collins, General Radio, Knight, many 
more; also list ot Antique Radios now available. Send 
SASE with *1.00 to: Mrs. D. Fisk, P. O. Box 429, Hollis. 
New Hampshire 03049. Note: Will not ship, pick-up only. 

ETCH IT VOURSELF PRINTED CIRCUIT KIT. Pholo-Posl- 
tlve Method — No darkroom required. All Ihe supplies 
tor making your own boards, direct Irom magazine aril, 
cle In less than 2 hours. Only *24.95, S.A.S.E. for details: 
Excel Clrcuils Co., 4412 Femlee, Royal Oak, Ml 48073. 

HAM RADIO REPAIR — Professional lab. personal ser¬ 
vice. "Grid" Grldley. W4GUO. April thru October: Rl. 2, 
Box 138B, Rising Fawn, Georgia 30738. (404) 657-7841. 
November thru March: 212 Martin Drive, Brooksvllle, 
Florida 33512. (904) 799-2789. 

BUY-SELL-TRADE. Send *1.00 tor catalog. Give name 
address and call letters. Complete stock of ma|or brands 
new and reconditioned amateur radio equipment Call 
tor best deals. We buy Collins. Drake. Swan. elc. Asso¬ 
ciated Radio. 8012 Conser, Overland Park. KS 68204. 
(913)381-5900. 

WANTEO: 4-125A/4D21, 6155 tubes. H.P. 423. W4BUZ, 
1203 Verdun Dr.. Greensboro. NC 27410 (919) 292-1538. 

AUTOMATICALLY decode Morse. Improve speed, meas¬ 
ure difficult signals. Microcomputer electronics, fea¬ 
tures unavailable commercially. SASE. Sesstrom, Box 
1185, East Dennis. MA 02641 

CW/SSB FILTERS: 1C audio Install In any radio, sharp 
CW, stagger tuned SSB — *15. *32. SASE Into: WBCBR, 
80 W. Mennonlte, Aurora, OH 44202. 

MOTOROLA RADIOS WANTEO: I need rnlcors, motracs, 
mocom 70's. H.T.'s, and bases . . . anything Motorola 
newer than 12 years. I pay all shipping. Len Rusnak, 
WA3TJO 301-441-1221. 

RTTY FOR SALE: Model 28KSR, M28 stand alone TD. 
M28 recelveonly typing reperl, M28 keyboard typing 
reperf, M28 triple TD, M2B under-dome typing report, 
M28 motorized paper winder, answerback, auto CR-LF 
kit lor M28 printers. Mode! 33 and 35 machines. Gears, 
gearshifts, parts and supplies for all Teletype machines. 
Send SASE lor list and prices. Lawrence R. Pfleger, 
K9WJB, 2600 S. 14th Street, St. Cloud, MN 56301. 


Coming Events 





YAESU FT-207R OWNERS 
AUTOMATIC SCAN MODULE 

15 minutes to in¬ 
stall: scan restarts 
when carrier drops 
ofl: busy switch 
controls automatic 
scan on-off: in¬ 
cludes module and 
instructions. 

Model AS-1. 

$25.00 

AS-1 

ENGINEERING CONSULTING 

P.O. BOX 94355 

RICHMOND, B. C. V6Y2A8, CANADA 



Coming Soon 

1981 HANDBOOK 
1981 

CI.S.& FOREIGN 
CALLBOOKS 

CALL TODAY TO 
RESERVE YOUR COPY 

1 - 800 - 258-5353 

Ham Radio’s Bookstore 

GREENVILLE, N. H. 03048 


<«£► Caddell Coil Corp. <«•► 


OSTOcI 75 

QflP TransmaU.. 

ARRL Handbook p.35 


ter's Dream Receiver — GST Sep 76, 


impedance_$12.00 2 



35w 2 m FM AMPLIFIER KIT 


3 Watts in—35Watts Out 




MODEL 33S-K 


Communication Concepts Inc. 

2648 NORTH ARAGON AVE ___ 
DAYTON, OHIO 45420 


More Details? CHECK-OFF Page 126 















ham radio 

cumulative index 

1971-1980 


a note on this index 

To make the index easier to use 
only the years 1971-1980 are in¬ 
cluded, because most of the 
earlier material is now of limited 
interest. Refer to any December 
issue between 1970 and 1977 for 
a cumulative index covering 
1968-1970. Copies of ham radio 
for December, 1977, may be pur¬ 
chased from Ham Radio’s Book¬ 
store for $2.50 postpaid. 


antennas and 
transmission lines 
general 





Dummy load, low-power vh 
WB9DNI 

Earth anchors for guyed to 




alculatlons, simplified 


73, Feb 77 
50, May 71 


f practical 
p. 50, Dec 73 



high-frequency antennas 
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WA2DHF 


construction 

techniques 



































digital techniques 
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Keyer paddle, portable 
WA5KPG 

Keyer with memory (lettei 
Hansen, William 
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microprocessors, 
computers and 
calculators 


WB2DFA 
CW keyboard using the APPLE II ■ 
W6WR 

CW trainer/keyer using a single-cf 


WA1MOP 

Decision, how does 
Device-select pulse 
Digital keyboard en 


^WB4HYJ, Rony, Thus p. 36 

Input/output device, what is a? 

WB4HYJ, Rony, Tltua p. 50 

Interfacing a digital multimeter with 
an 8080-based microcomputer 
WB4HYJ, Rony, Titus p. 66 

Interfacing a 10-bit DAC (Microprocessors) 
Rony, Titus, WB4HYJ p. 66 

Internal registers, 8080 
Rony, Titus, WB4HYJ p. 63 


Interrupts, microcomputer 
WB4HYJ, Rony, Titus p. 66, Dec 76 

Introduction to microprocessors 
WB4HYJ, Rony, Titus p. 32, Dec 75 

Comments, WB4FAR p. 63, May 76 

Titus, WB4HYJ, Rony p. 83, Jul 77 


Titus, WB4HYJ, Rony p. 74, Mar 77 

Radio Shack ASCII keyboard encoder for 
microprocessor-controlled CW keyboard using 


Software UAR/T, interfacing 
WB4HYJ, Rony, Titus 
Substitution of software for 
WB4HYJ, Rony, Titus 
UAR/T, how it works 

Vectored interrupts 
WB4HYJ, Rony, Titus 
Video display, simple 
VK3AOH 

8080 logical instructions 
WB4HYJ, Rony, Titus 
8080 microcomputer output 
WB4HYJ, Rony, Titus 



p. 62, Jul 76 
p. 58, Feb 76 
p. 74, Jan 77 
p. 46, Dec 78 


miscellaneous 

technical 
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Crystal-filter design, practical 
CW filter, adding (HN) 


high-frequency receivers 
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W7ZTC p. 

Short circuit p. 

Simple circuit replaces jack patch panel 
K4STE p. 

Speed control, electronic, for RTTY 
W3VF p. 

**— polar relay (HN) 


semiconductors 


amplifiers 

W6VFR 

Filters, SSB (HN) 

K6KA 

Frequency dividers for SSB 


W3PK, Q3ZC2 p. 16, Apr 78 

ntenna accuracy In satellite tracking systems 

Linear transistor amplifier 

p. 6, Aug 74 

W6UOV 

Peak envelope power, how to measure 

p. 32, Jan 7 

N5KR 

ntenna control, automatic azlmuth/e 
for aatalllta communications 
WA3HLT 

Correction 

ntenna, simple satellite (HN) 
WA6PXY 

ntennae, simple, for satellite 
communications 

p.^ 24, Jun 79 

p. 26, Jan 75 
p. 58, Dec 75 

p. 59, Feb 75 

W3FQJ 

Matching techniques, broadband, for 
transistor rf amplifiers 

WA7WH2 

Microwave amplifier design, solid state 
WA6UAM 

Mosfet circuits 

W3FOJ 

Mosfet power amplifier, 160 • 8 meters 

P- 59, Sep 71 

p. 30, Jan 77 

p. 40, Oct 76 

50, Feb 75 

Phasing networks (letter) 

W2ESH 

Pre-emphasis for SSB transmitters 
OH2CD 

Rating tubes for linear amplifier service 
W6UOV, W6SAI 

K6JYO 

p. 32, Nov 7 

p. 6, Nov 7 

p. 38, Feb 7 

p. 50, Mar 7 

p. 18, Aug 7 

K4GSX 

z-el antenna mount for satellite 
communications 

W2LX 

alcu-puter. OSCAR 

W9CGI 

llrcularly-polarlzed ground-plane 

p. 24, May 74 

p. 34, Mar 75 

p. 34, Dec 78 

WA1WLW 

Mospower fet (letter) 

W3QQM p 

Motorola fets (letter) 

W1CER 

Noise, zener-dlode (HN) 

. 12, Nov 78 

110, Mar 78 

p. 64. Apr 71 

p. 59, Jun 75 

Letter 

Rf speech processor, SSB 

W2MB 

Sideband location (HN) 

K6KA 

Solid-state transmitting converter for 
144-MHz SSB 

p. 18, Sep 73 

p. 62, Aug 73 

K4GSX 

1S p. 28, Dec 74 

WN9CGW * ° 1 ! 1 

Power fets 

p. 56, Jun 71 

Short circuit 

Speech clipper, 1C 

p P 62,’ Dec 74 

K1MTA 

p. 52, Nov 72 

W3FOJ 

p. 34, Apr 71 

K6HTM 

december 1980 

p. 18, Feb 73 
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Pl-network rf choke (HN) 
W6KNE 

W2EGH 
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220-MHz power amplifier 
W6UOV 

220-MHz, rf power amplifle 


WB6QXF 
432-MHz 100-vt 
WA7CNP 


Microwave-frequency converter for vh 


p. 30, Aug 75 
er amplifier 

p. 36, Sep 75 


p. 40, Jan 7 
p. 10. Apr 7 


WA4WDL, WB4LJM 


vhf and microwave 
antennas 


W5CQ/W4RXY 
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